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INTRODUCTION 


The Royal Commission on the Ocean Ranger Marine Disaster has 
been given comprehensive Terms of Reference which are divided 
into two parts. 


Part One calls for an extensive investigation into the loss 
of the drill rig, Ocean Ranger. This inquiry has been underway 
Since the Commission was jointly established in March 1982 by the 
governments of Canada and Newfoundland and Labrador. 


Part Two of the Commission's Terms of Reference call for it 
to “inquire into, report upon, and make recommendations with 
respect. to" both the marine and drilling aspects of practices and 
procedures in respect of Eastern Canadian Offshore drilling oper- 
ations and to a number of specific matters relating to drilling 
units operating offshore. 


To address the Part Two Terms of Reference, the Commission 
has identified as its objective: | 


TO IDENTIFY PRACTICAL MEANS OF IMPROVING THE SAFETY 
OF EASTERN CANADA OFFSHORE DRILLING OPERATIONS. 


The study area is Eastern Canadian Offshore (see 
illustration) extending from the shoreline to the limits of 
jurisdictional claims. The area extends from the Canada-US 
boundary north to the limit of areas which will be serviced from 
East Coast ports and use marine drilling systems (approximately 
75° N) 3 


The subject of study is offshore exploration and delineation 
drilling operations, including service and supply (marine and 
air) activities 


The issue is human safety. Property safety will be consi- 
dered to the extent it affects human safety. Environmental safe- 
ty will be addressed by a State of the Art Review. 


The Royal Commission, as part of its information gathering 
process has funded a number of studies, most of which are state 
of the art reviews. Most of these studies are now in draft or 
final form and this document contains the Executive Summaries or 
other relevant extracts from these reports. This material is 
intended to provide background to participants at the Conference 
on Safety Offshore Eastern Canada to be held in St. John's, 
Newfoundland August 21-23, 1984 and hosted by the Royal 
Commission. 


Readers are cautioned that several of these studies are 
still in draft form and subject to amendment by the authors as 
review comments are received. For example, the Canadian Petroleum 
Association is providing review comments on several of the 
reports dealing with the physical environment. 


Readers are further asked to note that, while these reports 
are the property of the Royal Commission on the Ocean Ranger 
Marine Disaster, and the contents should be treated as 
confidential where material is still in draft form, the opinions, 
conclusions and recommendations are those of the authors. 
Acceptance of these reports by the Royal Commission is for 
contractual purposes only and should not be construed as 
acceptance of any of the opinions, conclusions or recommendations 
contained therein. 


B.R. LeDrew 
Director of Studies 
15) duly; 1984 
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A REVIEW OF ICE INFORMATION FOR OFFSHORE EASTERN CANADA 
EXECUTIVE SUMMARY 


The objective of the study undertaken by NORDCO Limited with the 
assistance from the Centre for Cold Ocean Resource Engineering and the 
Memorial University “of "Newfoundland "tsi "fo." criticeally -assess ithe 
adequacy OL “Aavattable information on floating itcee and structtral 1teing 
as input’ to"design "criteria, Operational* procedures, “and emergency 
response planning for eastern Canadian Sroenore exploracerymarreLlune . 
The study also examines the adequacy of ice hazard detection systems 
required for safe conduct of drilling operations in’ the ‘area’. The 
region encompassed by the study extends from the U.S.-Canada border in 
tre “south, “to "the northern lime “or the area Serviceds Dy ease coagt 
ports and” ” where” marine. drivling systems Ware weed “Capproximately 
Lancaster Sound at 75°N). When assessing the adequacy of the ice 


information, the underlying issue is always human safety. 


Icebergs are a significant factor in exploratory operations from 
tie Grand “Banks "eas t7 "ot "Newfound and,” Cormstie "northern tmnt For thie 
study area. The data vases "for "flux? *dinensions. mass, veloerey, and 
mechanical’ propertiés” of “icebergs ‘are? "general ly inadequate". for 
Gerinittiom or  @xXtreme. “ewer s:. Operational techniques have _ been 
developed that “permit” exploratoryvdritlinag vwsing "eleniermeynamecat ty 
positioned’ or “anchored plattorms “in the presence or "Tceveurs. These 
techniques are generally adequate, but improvements are required in 
Pie detection*of*smahi@ pieces ortice, *borh anv terms ors ineceasederangs: 
and for tracking targets through” sea “clutter “in”the vicinity "of the 


drill bine plat horm. 


The "most "steniiicant effec or’ seal *rce Fort exploratory *dridl ling 
activity it ‘the istudy “area’ "ts" to’ lLimrt® theloperatiang) seasont/*Dralling 
Ts’ currently aking aT aee in two" areas *where*?sea4 ite Emit snt* *be “a 
problem: the Grand Banks during the Seater Sea's 6 ne Sand? Yo FRA LAbradcor 
duriug thea" early" part "or" tue™ summer”. Detect ron of “Ysolavred floes 


under adverse weather conditions is likely to be a problem. However, 
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information on the mechanical properties of ice under such conditions 
is sparse, s0. estimating possible damage to a vessel or drilling 


platform is difficult. 


The data bases for ice loadings due to freezing sea spray and fof 
atmospheric icing conditions (freezing precipitation, supercooled fog, 
and wet snow turning to ice) is inadequate for calculation of extreme 
events. The formation and rate of build-up of sea spray ice is 4a 
function of vessel shape and size, the shape of the structural members 
exposed to icing, the nature of the surface coating, and the heat flow 
through the surface. Although empirical and theoretical models have 
been developed for the prediction of sea spray icing on vessels, there 
Ls Wey ditt Ve data sonapiccecaccumul ation on, semi-submensibles. From 
studies p.for the Hibernia wand ;Sable Island areas, «typical, ice loads seam 
such vessels, with. a 50. year,réturn period may be.in the order of) 598 
tonnes. for ssea. spray ,icing, with,;an additional. .300 tonné@s oak 


atmospheric sources. 


Fog and adverse weather conditions are common throughout the east 
coast exploratornyvdrillinegs season: Therefore, all weather, day/night 
ice detection systems are essential from the Grand Banks northwards. 
Radar |1s the .commoneist ,sensor,, Dut it is evident that floating (ices 
a poor ‘target, and. small pieces of ice’ cannot be reliably. detected 
usang, copventional Bmartne juadars jexcept under, ideal propogation 
Condi bons. On-going R & D suggests there is room for improvement in 
marine radar performance. Airborne. ice reconnaissance -is Jottem 
restrict ed by. pO Oreuvies to late Imaging airborne radars have proved 
successful in detecting areas of pack ice, but less so in locating and 
identifying isolated floes or small icebergs. | 

Design and construction standards for vessels operating “inpeice 
infested waters have been developed by the Classification Societies 
largely for insurance purposes, and more recently, through the Arctic 
Shipping Pollution Prevention Regulations. In 1983, Interim Standards 
for the design, construction and operation of mobile offshore drilling 
units (MODU's) were issued by the Canadian Coast Guard. However, up 


to, mow ,all exploratory drilling has been restricted to open water 


ete 


conditions - the only exception being the use of supply vessels for 
iceberg towing or deflection. Ice management procedures developed in 
the early 1970's have now become accepted practice and are part of the 


COGLA guidelines for exploratory drilling. 


Several European countries have developed MODU designs for severe 


weather operations. These designs emphasise covered work areas and, 
in some cases, flush surfaces to minimise ice accretion. Several) Ot 
the designs claim ;to be “ice strengthened", but in the absence of 


Marge, scale 1 CeGminpecl (Cata tats CLE CicuLt. towvaccess the Actual 
capability of such vessels. From the information obtained by the study 
team, very little attention seems to have been given to the operation 
Pr yeuposed, emeresency,) Saulpmrent.. ouch ae "nL Feno ats.) Sarde rei mig 


conditions. 


Each Ot) fire Pchapters: deattno "wit cepergs "isgeay Loa.” LCine ) Lee 
detection, and the regulatory environment, and with an assessment of 
the current state of knowledge. These assessments are reproduced 


below. 
Icebergs 


(i), ©" cepe rc = arer'4 fovanifroeant .Cact or it ox pore tOrty? arid lane 
operations from the Grand Banks east of Newfoundland northwards. 
Although icebergs have been observed in the Gulf of St. Lawrence, 
they are not considered a serious impediment to drilling in the 
area. SLM@Liarivye. -cOutnw on Newlourd land —andw Ont, NOV a uo ca EL at. 
icebpergoviate So -srere  tnev, are Vimo cic oO einterruoG, dre ll time 


operations. 


Cii)*\ Thefcebers .Vs'edson sw extend@ Iron Sanuary td ulyoonmane: Grand 
Banks, with thermaxinum flux *oocurinvey rn Apr is oF May Further 
north “ceberes* occur? vyear round? *PThe@minimum *Glux aol veebergs in 


all areas is between’ October” and December’. 


PAs inthe oda oe e ee foe hits i mens tOnSs ss mas 6 we Loc 2b yilieg nd 


mechanical properties are. generally inadequate for definition of 


(iv) 


(v) 


(vi) 


Ey ge 


extreme events. The best available data bases are for the Grand 


Banks south of 48°N and the Labrador continental shelf. However, 


due to difficulties in detecting small bergs the data bases for 


these areas may be biased towards icebergs -larger than 1,000 
tonnes. Information on mechanical properties is inadequate 


everywhere. 


Operational techniques have been developed that permit 
exploratory drilling using either dynamically positionedme 
anchored platforms in the presence of icebergs. These techniques 
are generally adequate, but improvements are required in the 
detection of small pieces of ice, both in terms of inecreagen 
mange and for tracking through sea clutter in. the vicinity oe 
drilling plat tonm. The early detection of icebergs represent lam 
a hazard to anchored platforms, is essential to their esa 
operation as lead times for moving such platforms is 
Significantly. greater than for the dynamically posit some 


systems. 


Research on the impact forces between icebergs of various sizes 
and exploratory drilling platforms, particularly as might eae 
with severe sea states is in its infancy. Progress is hampered by 
lack of knowledge of the maximum velocities small pieces of ice 
might attain, mechanical properties of tthe ice, and its behavious 


iM. dan pa.c f est uit ors. 


The presence of isolated growlers can present a hazard to supply 
vessels, particularly if the vessel is. moving at. itS aaa 
cruising speed on the assumption of ice free lcondi tones Ice 
strengthened vessels are generally used from the Grand Banks 
north, but the degree .of strengthening is unlikely) See 
sufficient to ensure the safety of the vessel if it is traveliie 
at high speed at the moment of impact. Neither radar nor visi 
detection of growlers is reliable under the prevailing weather 


and sea conditions off the east coast. 


Sea Ice 


(i) The most significant effect of sea ice on current drilling 


activity within usthe setudy sare a hits: star hinkt iste drilling season . 


(ii) Current operating procedures call for the drilling unit to move 


off Location 1 £ esea alee 41s at hreate mime. 


Cili)Dnibliugeis currentlyitaking. place in! twoptarease whereliseaimice is 
Eukeky eto «bel sa ep20b vem. These areas are the Grand Banks in 


winter, lands of f gthen Labradormcoast pm ithe! earLyi «summers 


(iv) The two situations identified where the danger from sea ice would 
be. the, ereatest,sares. Ca) soo llgisd one wath any sisolateds floendnrtt ing 
ahead of, the main, packiudunine oa sstormy sitiat-ionmpand) Cb)essea ice 


drifting. imtoo. the, dral ling. are ayeain sa@e6si tirath ony wihen es them unit 


Could not move Off “She. 


(v) There is..insuffietvent data dvavias-lebrettto ude une sth ear iisies 


associated with (iv). 


Cyvi} The data base for many) Sea) -icé) parameters) Qs motomsuliicvene) fo 


define the effects of an impact. 


Icing 


Ci. The database .jon pice loadings from sea spray is limited and does 


motapermit thesaccurateiccaleubation ofstl0Qeyeam events 


(31) Empirical and theoretical” models have) been ideveloned iors t he 
priediction/ ofimnseayws pray icing on vessels, but comparisons suggest 
that results reflect the type of vessel studied in the particular 
database~«.and»are moh» transferable, to. tsignuigiaeciantel y, divimerent 


types of vessel. 


(435 iis ime. an i empinrgcal formulas;plu'sadenv iinonmentialysdatma. the 


occurrence of moderate or severe sea spray icing conditions is 


(iv) 


(v) 


(vi) 
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estimated to occur 8% of the time for the Sable Island area and 
9.5% to 12.5% at Hibernia during the most severe month - February 
in? bothy.casess Only general information in the form of maps 


appears to be available outside these two areas. 


Formation and rate of build-up of sea spray ice is a function of 
vessel shape and size, the shape of structural members exposed to 
icing, the» nature of the surface coating, and the heat ited 
through the surface. Therefore, most regulatory authorities give 
no guidance on ice build-up and limit themselves to specifying 
the maximum allowable ice accumulation to be used in stability 


calculations. 


Icing data for semi-submersibles is virtually non-existant, and 
there’ is °no’ clear’ understanding “of *ice” saccumulatiloteso 1 meee 
underside of deck ‘areas, or on changes in accumulation ratesmud 


the sides of vertical or inclined columns. 


The database for atmospheric Les ae events (freezing 
precipitation, supercooled foe, and wet ‘Snow ?turning = ta tc]e) mee 


not sufficient to calculate» meaningful “008 vearmeveonta.. 


(vii)There are indications that for some areas the accumulation of ice 


on drilling platforms due to freezing precipitation may be as 


important as the accumulation from sea spray. 


(viii)Some of the operating manuals reviewed in the course of this 


(ix) 


study make no reference to icing of any type, whereas others 


detail actions to be tiaken, including. load dumping priorit veoe 


Total. icing loads with -a950 year! return) period “int het nee 
area have been estimated to be 550 tonnes from sea’ ‘spray Peinese 
with a maximum Lload,° taking into account atmospheric" a¢1ng..oe 
about, 830, tonnes: However, these values depend heavily on a 
number of rig parameters and the model used to estimate extenn 


and’ rate, of  acdumulseta on of fice: 


(2c!) 


APtotmalerecord@loef Ace OM buitd=m5 ‘oni Idrii tine > pilliattforms, at 
different locations and operating under different environmental 


conditions is urgently required. 


Ice Detection 


Ga) 


Ci) 


Gir) 


Icebergs 


Icebergs of -any'"size are poor ‘radar’ targets, 


The* presence’ *oPrelatter, “especrally /sea -e1itt en ivers Mthelma for 
Limiting tector "in Vere Vdetection oifiiicebergs) wWhenstaeetranges 
shorter than the maximum. This presents a serious problem in the 
detection of “bergy bits and, in particular, growlers, as they’ are 
mortally * only? detectedt at. 7 stort: Tranges ,*# 8and ) even tiny lows rto 
moderate sea states the clutter may be sufficient to mask them at 


their maximum ranges. 


(iii)in the fabsencefck cluttertitheresi siiaidirect \relationstipeubet ween 


Civ) 


(v) 


(vi) 


the size of the iceberg and the maximum range of detection. The 
tremendous scatter in the range of detection data provided by the 
Various researchers sug¢cests. that’ cautious) meces 6 any ra 


applying the relationship. 


Subnormal * ‘propagation ‘conditions tdonwinater Taw thel sCrand? Banks 
region. There is very little information available regarding the 
conditions in the more northern areas. There is a need for more 


quantitative informatxzon forealllareas”. 


The level of on-going R&D indicates there is recognition of the 
nelediotor Yinprovement )iin* marine tradarenicum® the deteetion ct 


icebergs. 


None of the research, “reported (here Yorovideuw Gstronrereant 
information on the number of iceberes ‘not detected at ail eon 
Marine, radar. This has created the fatse impression ‘thae “"ontry 


small targets in clutter go’ undetected. However, “it hae been Ete 


aa 


experience of marine interests in these waters that quite 
frequently icebergs of almost any size and at moderate ranges do 
go undetected. This ts dita came to quantify but the need exists 
to determine the percentage of time and the conditions under 


which this {situation mightisoccur. 


(vii)Given the predominately poor visibility conditions, particulanue 


on the Grand Banks, there is some question regarding the 


effectiveness of airborne visual reconnaissance. 


(vili)Long range visual reconnaissance by surface vessels will also je 


Gixy 


(x) 


Gx) 


restricted by the poor visibility -and the short coverage adrea 


observed at any given time. 


The effectiveness of short range visual reconnaissance by support 
vessels -in the: vicinity of asdrailling) platform “ate tameanve cei 
visibility or in darkness is unknown. Larger ice targets/imayuge 
detected but growlers may still not be sighted under these 
conditions. During rough sea conditions the movements of the 
support vessel may be restricted, reducing its capability to 


perform reconnaissance work when it 1S most needed. 


SLAR, because of its all weather, day/night. capability, hag em 
potential of being a very valuable reconnaissance tool, but there 


is considerable confusion regarding its true detection capabibuuy 


against essentially ‘point. targets: As, .with marine radar Ghee 


‘capability needs to be quantified. 


A major limitation with SLAR is the problem of identdfy gee 
targets. -In-areas» such .as the; Grand Banks there is signifiveeen 
fishing and) marine. triansport ctrafficy-d2hus,,-the probabusey ae 


false alatm 18S Sienttlcant, at i easite ine ci sere cote 


(b) Sea Ice 


(i) 


Cana) 


ive, detect ton vange, tore seauice. floes tapnears jto “be similar to 
Chat, for? small) “icebergs land, growlers.:) Sienal» processing 
techniques and high antenna heights have been shown to improve 
topographic feature detection ranges for consolidated pack ice in 


Che Beaurore goea, Dut CnYSs may not) appl yetor. the wease Coast sof 


Ganadd. 


Berause  “ilConsolind@ated or Loose pack Lee may) take Von tie 
appearance “Of sea clutter on marine radar it.may be difficult ‘to 


detect under certain conditions. 


(S009) The inability «fo identity 1¢c6 iypesy in “the sea ivee, pack musing 


Cig 


(v) 


(c) 


(i) 


marine radar may" prevent detection of potential) dangerous 


multi-year floes. 


Because pack ice is generally a Large scale phenomena, visual 
observations,. either from ship or aircraft, should be adequate 
LOG WONLCOLING Le, and DOOLEY LS ED LELEy Ssloul do mot present a major 
ya eRe The “detectLow Oto multi-year) floes snoulLd | auica ape 


possible but well trained observers will be required. 


{the .<almose alla weather (day/night. reconnaissance capable yimoe 
SLAR: makes itian ideal! anstrument, for they nreconnarssance of ged 
1ce, It is also capable of cproviding. classitvcat ton vote cay ped 


and accurate positLroual intormation: 
General Considerations 


Tidividually): each* detection,.method has ts vehortconines. The 
performance achieved through an integration of all the techniques 
may be adequate but “there is: insufficient ‘evidence to make san 
accurate quantitative assessment. ForUlone range strate ore 
reconnaissance upstream of a drill site, St wauld@ apoear that she 
combination of both airborne and ship based visual reconnaissance 


along with SLAR might be adequate. However, SLAR would have to be. 
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employed on a dedicated basis rather than as (8) Conipeeee 
Opportunity employed by another agency. With the integration of 
all these methods, however, small and dangerous targets may still 


slip through undetected. 


For short range close tactical monitoring there are a) numben see 
problems. Under moderate sea conditions, with even moderate to 
poor visibility in daylight, the combined use of marine radar and 
diligent visual reconnaissance (from the drilling platform and 
service vessels) should make it possible to detect and keep track 
of all ace hazards. Under severe. low visibility ouweaeee 
conditions and in darkness, visual ‘reconmal sisiancemewi sie 
impossible. Marine radar will have to be relied upon almost 
fotally. ‘(‘Untortunateiy marine radar is least reliable under 
severe weather conditions* and ice hazards may approach 
undetected. As noted earlier, it should be relatively veasy ce 
track sea ice and this is applicable even at short ranges from 
the drilling platform. The problem at close range isJthate sma 
icebergs, growlers, multi-year floes, etc., within, the «sequence 


pack may go undetected when reliable detection and precise 


positional information is most necessary. The presence of 
darkness, low visibility and/or rough seas will) compound) 7 
problem. 


Regulations 


Cy) 


Design and construction standards for vessels operating in ice 
infested waters have been developed by Classification Societies, 
largely for insurance purposes. The Arctic voy gc euuo see 
"Manhattan" in 1969 was closely followed by promulgation of same 
Arctic Waters Pollution Prevention Act, and the accompanying 
Arctic Shipping “Pollution "Prevention | Keen laguone These 
regulations, for-the first time, specified the ‘desuie nee 
construction standards required for vessels operating north of 
60°N latitude within 100 miles of the Canadian coastline. These 
regulations apply to exploration activity snorth oF 60°N latitude 


- including the dates of entry and exit from these Swaperc toe 


Cx) 
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wicterent: ice (class vessels. The design (regulations do wot 


specitacablbysreter, tor MODs. 


The Interim Standards ‘for “the design, construction and operation 
of MODU's recently issued by the Canadian Coast Guard, generally 
require ice loadings to be calculated for 100 year return events. 
However, as is evident from this study, there is nat sufficient 
LAfOrmat Lon onwmost Nicer parameters to calculate reatistacey 100 


year events. 


PLTijVAT ly wexploratory driwbing |vessele operating! in themivicinttiyvuaor 


Gav) 


(v) 


Floating tlce: have. sophisticated  icé) management “systens,) with 
clearly defined operating procedures should approaching ‘ice pai 
a hazard to the operations. However, these management systems 
rely on detection. of; hazardous ce and it “is ‘doubtful iwhetner 
present technology is adequate for detection of small bergy bits 


and growlers under adverse weather conditions. 


A number of theoretical, studies (have been carried out’ tnsorder: to 
estimate the damage a small, undetected piece of ice is likely to 
anh G Votre MODU:. Recent laboratory experiments indicate the 
energies involved may be significantly greater than those assumed 
by Classification wsocietieg, form usunp by, hoatyt co li st on va wards se 
MODU. However, the collision forces are dependent on the 
behaviour of the ice on impact and there have been no large scale 
experiments (to verify the theoretical! assumptions... Such 
experiments are needed to determine damaged Stab uty 
requirements for MODU's, as well as strengthening requirements 
when (Contacth, wetnis Ploattagm oer. 2 6th mel biome b en iha co mnac ry 


Oe Circe Ti Cer. 


Several European countries have MODU designs for severe weather 
operatwons. | anne advantages of such vessels are  tlusnh jsurfaces to 
minimize structural icing and covered work and emergency assembly 
areas, MiSeveral of Fhese designs) have "iceisthrencthenine’, 'bue it 
is “aobesclearynow effective “such” te=intorcine woulbdgebe  inseehe 


event ot a collision, with ¢lactale ice, 


(vi) Very . little -consideration. appears to. have been 


-l1]2- 


given to the 
operation of exposed emergency equipment, such as lifeboats and 
liferafts, under freezing spray or precipitation conditions. 
Also, it is not clear from regulations whether lifeboats. of 
liferafts could operate in loose pack ice without a Significant 
Risk. ‘of hullapaunctuned 
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EXECUTIVE SUMMARY 


The objective of this two-part report is to provide a state-of-the-art 
review of marine climatology off the east coast of Canada. This has been 
prepared in support of the Royal Commission on the Ocean Ranger Marine 
Disaster. The report's terms of reference are specified in Appendix A. The 
focus of this report is human safety in offshore exploratory drilling and 
Support activities. 


Part I describes the hazards to human safety posed by the atmosphere. 
In addition, a review of research activities related to marine climatology 
to date, and the agencies involved, is presented. Finally, deficiencies in 
knowledge are identified. 


Part II describes meteorological observing and analysis techniques for 
the identified parameters, and describes in detail the deficiencies in the 
present state of knowledge of marine climatology. Recommendations are made 
to improve the understanding of the marine environment, as related to human 
safety in offshore exploration activities. 


A 


This report deals only with atmospheric parameters; waves, ice and 
oceanography will be addressed in separate reports. 


PART I 


The climatology of atmospheric. parameters is very important to the 
design of structures and operating systems for offshore exploration. Using 
historical data, it is possible to quantify the risks to human safety posed 
by the atmosphere. 


Of all atmospheric parameters, wind has the greatest potential for risk 
to human safety. The wind may exert considerable force on a structure, and 
create dangerous working conditions for personnel on exposed decks. Wind is 
also the major forcing factor in generating waves, currents and freezing 
spray. 


Ice accretion is .a major hazard to drill rigs, (supply vessels» and 
particularly helicopters. Icing may occur due to freezing spray, freezing 
precipitation or rime or clear ice in cloud. The stability of rigs and ships 
may be adversely affected by large amounts of accreted ice. In addition, 
working conditions will be hazardous due to slippery decks. Helicopter oper- 
ation is extremely dangerous in icing conditions, due to sudden ice-induced 
engine failure and icing of rotor blades, causing loss of control and higher 
stall speeds. Helicopters may be affected by any of the three types of 


icing. 


ii 


meas 


The presence of low cloud ceilings and reduced visibilities make flying 
dangerous. Specific operating limits are required for take-off and landing 
and visual flight rules (VFR) travel enroute. Reduced visibility may also 
contribute to collisions between supply vessels, drill rigs and icebergs. 


Hazards to human safety may occur due to extremely cold air tempera- 
tures and windchill. Survival time for personnel in the water is greatly 
reduced for cold sea temperatures. In addition, hazards can occur due to 
lightning strikes, particularly on aircraft, turbulence in the wind field, 
high humidity and salt content, which may affect sensitive electronic equip- 
ment, and inadequate drainage for heavy rainfall rates. 


A brief description of the climatology of marine areas off the east 
coast of Canada, highlighting the critical parameters, can be found in 
Appendix B. 


The majority of work in marine climatology in Canada is done by the 
Atmospheric Environment Service (AES) of the federal Department of Environ- 
ment. The AES participates in data collection, quality control and archiv- 
ing, and in instrument development, as well as provision of climate informa-— 
tion and expertise, and applied climate research. 

Oil industry activities related to climate largely parallel those of 
government, in data acquisition,: archiving and system development. However, 
many industry studies are site-specific and proprietary. Aliso, the main 
thrust of work to date has been concentrated on parameters outside the scope 
of this report, such as waves arid sea ice. 


Other agencies have contributed to the knowledge of marine climatology, 
particularly for wind. These include the Bedford Institute of Oceanography 
and the Marine Environmental Data Service, both of the federal Department of 
Fisheries and Oceans, and the United States Army and Navy. 


A survey of literature on atmospheric parameters reveals that consider- 
able work has been done on various aspects of wind, icing, sea surface temp- 
erature and storms. However, much of the work has been peripheral to re- 
quirements related to marine climatology. For example, much of the work on 
wind fields is directed towards wave hindcasting. Icing research has been 
concentrated on theoretical concerns. Other parameters have been largely 
ignored. 


It is evident that many parameters have not been adequately addressed. 
These deficiencies are treated in detail in Part II of this report. 
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PART II 


Data used in marine climatological studies are derived from many sourc- 
es. The most frequently used data bases are listed below: 
Dot 
Transient ships 
Weatherships 
Dri lisrics 
Buoys 
Land Stations 
Hindcasts 


Other data sets sometimes used for specific studies include satellite, 
radar and aperational model data. 


The data obtained from these data bases vary widely in quality, quan- 
tity and applicability for climatological analysis. 


The data quality is affected by the instrumentation and the training 
and motivation of the observer. All shipboard data are prone to problems 
arising from instrument siting and the effect of the superstructure on the 
measurement. This is a particularly serious problem on drill rigs. On many 
transient ships instrumentation is limited, leading to estimated values for 
many fields. Instrumentation at land stations is generally well-sited, but 
the data are often not representative of the marine environment. 


Training of observers is highly variable, ranging from several months 
for AES and weathership observers, to one or two weeks for drill rig person- 
nel, to nil for many observers on transient ships. Motivation is also an 
important factor; weather observing is not the primary function for some 
observers. 


Spatial coverage of marine areas is poor for land stations, buoys and 
weatherships, and is variable for drill rigs and transient ships. Drill rigs 
operate only in a few specific locations, while transient ships tend to 
follow well-defined shipping lanes, leaving many data-sparse areas. 


Temporal :coverage is very good for land stations and weatherships. 
Drill rigs and buoys provide good time series, although of limited extent. 
Transient ship observations extend from the 1800's, but do not provide use- 
ful time series. 


Only data from land stations and weatherships are appropriate for many 
important climatological analyses, such as persistence and extreme value 
analysis, although drill rig and buoy data may be used in limited persis- 


tence studies. 
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To overcome this deficiency, hindcast data have been produced, parti- 
cularly for wind. Hindcast data are synthesized from historical records such 
as surface and upper air weather maps, using theoretical models of the 
atmosphere and ocean. As such, they must be verified. against quality surface 
measurements. Hindcast data are ideally suited to most climatological analy- 
ses from the point of view of spatial and temporal coverage provided that 
their accuracy has been confirmed by comparison with requirements. —— 
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Satellites have been used increasingly in recent years to produce data 
for a wide variety of parameters. As satellites do not measure directly the 
values of the required parameters, their data must be verified against sur- 
face measurements. Present satellite data bases are inappropriate for any 
climatological analysis, due to their short term and the sporadic nature of 
their coverage. 


The primary factor inhibiting our understanding of the marine environ- 
ment is a general lack of baseline data for all parameters, particularly in 
winter. 


As a result, many important analyses can ‘not be performed, and some 
that are done are of questionable quality. 


The present data base of wind information is insufficient to adequately 
define the temporal and spatial variability of the wind field, the effects 
of structures on the wind field, or the extreme values to be expected. 


Similarly, few measurements of icing exist over the ocean, particularly 
with respect. to its vertical distribution. “Thusqiteaseditticube tomvers.y 
existing methods for producing icing statistics, or to develop new techni- 
ques. For atmospheric icing, most of the present techniques were developed 
over land, so their applicability to the marine environment is unknown. 


Visibility and cloud ceiling measurement can be quite difficult at sea, 
especially at night. Therefore, the statistics of these data are somewhat 
questionable. Shipboard automatic stations would provide consistent informa- 
tion on these parameters. 


The present density of sea surface temperature observations is inadequ- 
ate to describe the complex nature of the sea: surface temperature patterns 
on the east coast, particularly near the Gulf Stream. Some work has been 
done using infra-red sensors from satellite, but these analyses are fre- 
quently curtailed by cloud. Microwave sensors, capable of penetrating cloud 
are not yet operational. 


Weather conditions at supporting land stations may critically affect 
emergency response capability, yet very little work has been done regarding 
the frequency of adverse weather, particularly flying conditions, at these 
locations. 


Hazardous conditions may result from combinations of factors, such as 
high winds, low visibilities and heavy icing, that would not occur with 
their independent occurrence. However, evaluation of these combinations has 
been overlooked to date. 


Little. work has been done on the measurement and/or analysis of air 


temperature, rainfall rates at sea, low-level atmospheric turbulence or 
lightning. 


Recommendations to improve the knowledge and understanding of marine 
climatology on the east coast of Canada are listed below, by category: 


General 


Detailed reviews of the state-of-the-art are required for wind and 
icing, including a comprehensive literature search and recommendations for a 
coordinated action plan. 


More high-quality baseline data are required over the ocean for all 
fields. 


Data Acquisition 


Drifting buoys, measuring a few parameters such as atmospheric press- 
ure, air and sea temperature, should be regularly deployed along the east 
coast. 


Moored buoys, similar to those now operated by the United States, 
should be deployed on the Scotian shelf and Grand Banks. 


Shipboard automatic stations should be implemented wherever possible on 
ships and rigs. 


A program should be initiated on and around several drill rigs to 
measure the variability of the wind in space and time, and the effect of the 
rig on airflow. Experimental turbulence measurements should be done simul- 
taneously. 


‘A program should be initiated to measure ice accretion on supply ships, 
drill rigs and helicopters, including the vertical distribution of icing. 
This data should then be compared against theoretical values. 


Satellite systems capable of measuring atmospheric and oceanographic 


parameters should be supported. Of particular importance are wind measuring 
scatterometer systems, and microwave sensors for sea surface temperature. 
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Investigation into the utility of high frequency radar and-bottom— 
mounted acoustic sounders for wind measurement should be initiated or con- 
tinued for Canadian waters. 


Existing hindcast data sets should be evaluated against quality measur- 
ed surface data. If no suitable hindcast sets can be identified, 


a new, 
hindcast, specific to Canadian coastal waters, should be produced. 


Climate Analysis 


Published climatologies, contingency plans and impact statements should 
include, in addition to the frequency analyses usually produced: 


Persistence, extreme values and gust factors of winds. 


Persistence analysis of low ceilings and visibilities. 


Frequency and persistence of icing conditions. 


Frequency of thunderstorms and heavy rains. ' 


Minimum and maximum air temperatures, persistence of high and low 
values, and windchill frequencies and extremes. 


Statistical summaries: of cyclonic storm distribution, 


frequencies, 
persistence and intensity. 


Joint frequency distributions of hazardous combinations of conditions, 
such as high winds and low visibility. 


Frequencies and persistence of adverse weather conditions, particularly 
flying weather, for all supporting land stations, both independent of, 


and 
combined with, adverse weather conditions at drill sites. 
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SUMMARY 


It is self-evident that many aspects of offshore exploratory 
drilling for oil and gas are affected by weather, and that from 
time-to-time human safety is threatened by adverse weather at 
sea. It is logical, then, to inquire into how the forecasting of 
severe weather is carried out 0 Canadayi i jase abt) rebatesurto 
offshore exploration, and how and what information is provided to 
operators so that they may take actions appropriate to ensuring 
safety. This report describes weather forecasting services in 
Canada and traces the flow of information through the Atmospheric 
Environment Service to the private forecast firms with whom the 
operators ‘déeal» on a, daily basis. It also discusses some 
important aspects of data acquisition, and describes a number of 
severe weather conditions which present difficulty to forecast 
services. Forecast preparation and presentation are reviewed, 
together with verification procedures used by various agencies. 
Conclusions are presented on forecast content, presentation and 
verification. The question of forecast adequacy is discussed in 
terms of the information level of forecast presentations and in 
terms of «the enelevancesoliontormation®, thativis)> or jeouldiabe; 


presented to the offshore user. 


The present study concentrated on forecasting services and the 
data disseminated by them to the end-user, the offshore 
operator.’ The terms jof reference: did not..include a study of -how 
forecast data are used by operators, at the shore base or on the 
@rilling unit, to arrive at decisions affecting rig activities at 
sea. The affect of this on an assessment of adequacy of forecast 
data for ensuring human safety is discussed, and recommendations 


are given for examining this side of the question. 


Traditionally the Atmospheric Environment Service (AES) has been 
responsible for weather forecasting throughout Canada. Marine 
and aviation forecasts fell under their jurisdiction in addition 


to forecasts for general public use. Under regulation of 
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offshore drilling, first hy the Department of Energy, Mines and 
Resources, and later by the Canada Oil and Gas Lands 
Administration (COGLA), operators were required to contract 
location- and route-specific weather forecast services. In the 
Eastern Canadian offshore these services were provided by private 
corporations catering specifically to this need. Again by 
regulation, these firms had to have personnel trained by the AES 
or to AES standards. Because of this, (and, the central, dominate 
role played by the AES, a strongly hierarchial, and in many 


respects redundant forecast service has evolved. 


We have found that all of the groups involved in forecasting are 
tightly linked, especially at ‘:the level of sthe!AES -regionad 
weather offices and the private forecast firms, because prognoses 
are based on the same cascade of information from within the 
organization, and because weather forecasting is approached using 
the same meteorological principles and equipment. One apparent 
consequence of this parallelism in public and private forecasting 
groups. is fia. profound: ‘similarity cin. »the s preparation’ © land 
presentation of forecast material. AS sa! Pesult) (there? aresime 
significantly different forms of data presentation available to 
offshore operators despite the apparently different sources to 


which they could turn in severe weather situations. 


We have also found the level of information presented in 
forecasts to be extremely low judged aqainst what could be done 
if full advantage were taken of electronic data processing, 
transmission and display facilities now available. Several 


causes were identified: 


i) close adherence to traditional procedures and formats 


developed laraely for lay-public consumption, 


ii) use of simple, meteorological parameters to represent 
complex atmospheric and sea state conditions at a rig 
location, ‘‘qiving little for) nos indication Aampeespauwes 


variations to be expected, and 
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iii) the generally low accuracy of individual parameter values 
in terms of what one normally associates with engineering 


criteria for rig operations. 


One is also led to question the relevance of some forecast 


information since it deals exclusively with atmospheric or wave 


height/period parameters. FOR RacCISlONS maLrecting. “driving 
eperations  =- downhole sactivities;, resupply, extreme nig 
behaviour for normal and abnormal circumstances -- that may have 


to be made by non-specialists in meteorology and oceanography, 
prognostic information on, for example, rig or supply boat motion 
response or crane derating values may be much more useful than 


traditional forecast parameters. 


There iS evidence to suggest that many dangerous situations which 
arise at sea are associated with what are termed mesoscale 
phenomena. These? tare’ *weather features that'= form and move. so 
rapidly, and which have such small dimensions, that they are not 
incorporated into synoptic scale forecasts. There are two 
contributing factors to this: first, mesoscale events generally 
escape observation and hence do not enter formally into the 
analysis and prognostic procedures, and second, the physics 
governing ‘thelr 7 formation: and interaction: with Varger scale 
systems is not well enough undersoood to make them forecastable 
with any real confidence. It appears that this is one aspect of 
forecasting that warrants further research, seeking first to 
establish the nature of the problems in more detail, and then 
examining ways of detecting and forecasting small scale events. 
It seems likely that improvements in forecasting mesoscale 
phenomena would demand innovative approaches to presentation 


techniques. 


In terms of verification procedures we have found that there are 
no wstandards, which. apply sequally | to “all anenetes —providing 
services. Thus, wb ase very sdafficult to make’ any assessment of 


relative performance. In a preliminary study of NORDCO Ltd. and 
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AES forecasts for the Grand Banks, we have found that neither 
organization consistently outperforms the other, although NORDCO, 
Like other private forecasters, attempts to provide more detail 
in their presentation. There does not appear to be any basis on 
which to claim that provision of forecast services by private 
firms to the offshore is inadequate, relative to standards that 


could be established for the AES itself. 


However, to judge the adequacy of forecast information to 
offshore operators, in an absolute sense, requires an assessment 
of how well the data meet their needs for making decisions that 
affect the security of their rigs and the safety of personnel at 
sea. To do thiss/an’ examination@ of fjthe,(fentine relationship 
between regulatory expectations for offshore’ safety, the 
utilization; of .weather).forecast 9datay byijoperatorsiitowsatisty 
these expectations, in their cer*ral coordinating offices and on 
the rigs, and the ability of forecast agencies to provide the 
required data is necessary. In view of our conclusions on the 
information content and relevance of forecast data, on the one 
hand, and the apparent success of civilian aviation weather 
forecasting, on the other, we recommend the above type of study 


be undertaken. 


Donald O,Hodginsi PhwD.=,) PaEngs 
Kenneth F.oHarryyeMsA* 
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Ow 
his report assesses the availability and adequacy of\the wind generated waves 


(data\required by the oil and gas industry, including design’ organizations, owners or 
operators, classification societies, regulatory agencies and research organizations 
for the development, design, construction and operation of structures to be used in 


the activities of exploratory and delineation drilling in waters off the East Coast of 
Canada. 


It is found that the minimum requirements of the design, owner, classification 
and regulatory organizations for wave data are well defined in the available 
literature and that if these data are available safe and efficient design of structures 
and associated operations are expected. 


It is concluded that the required data are not available throughout the study 
area. Reliable estimates of the required extreme wave conditions may only be 
available for the Hibernia area and even with these data there are some concerns. 
Throughout the remainder of the study area data suitable for the estimation of 
extreme events do not exist. Wave climate statistics suitable for the analysis of 
operations may exist for some locations in the southerly part of the study area, 
although limitations of these data are also identified. An important requirement 
identified, is the need for simultaneous observations or predictions of waves, 
currents and winds. It is not clear that this requirement has been adequately 
addressed over the study area. The availability of current and wind data is the 
subject of other reports and has not been examined here. 


The future sources of wave data and information on extremes and wave 
climate are examined and conclusions are drawn. It is concluded that in the near 
future these data will continue to be developed using traditional techniques. 
However, improved advanced instrumentation and improved hindcast models better 
suited to the requirements of the various parts of the study area must be developed 
and implemented. 


Satellite and other remotely sensed data will begin to become available within 
the next decade in useful quantities and will immediately begin to be useful for 
operations through improved forecasting. However these additional data will not 
improve the knowledge of wave climate and extremes for a number of years until a 
significantly increased database has been accumulated. 


The present practice of developing knowledge of wave climate and extreme 
conditions in the study area is examined. It is noted that this knowledge is now 
acquired by an accumulation of information from many independent studies which 
are generally of insufficient scope and not fully co-ordinated with other programs. 
These studies tend to raise more questions than they answer and often disagree with 
each other. It is concluded that there is a need to develop joint programs between 
all interested parties to organize, priorize and carry out the studies to acquire the 
necessary wave information in the study area. 
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SUMMARY 


Exploratory drilling units operating off Canada's East 
Coast must take certain oceanographic conditions into 
account, both for design and selection of the appropriate 
vessel or jackup rig, and for safe operations at sea. The 
most important of these are extreme currents and extremes 
of temperature. This report contains a review of oceano- 
graphic information for the offshore area extending from 
the Southern Scotian Shelf to Baffin Bay. Relevant 
oceanographic parameters are first defined and measurement 
techniques widely used now to quantify them are outlined. 
Analysis methods and predictive models are then discussed, 
followed by a description of available data and their 
distribution. Finally conclusions on the present state- 
of-knowledge and adequacy of data for drilling needs are 


presented: ° 


In describing ocean currents and water masses, basic 
physical parameters (current speed and direction at a 
point, temperature, salinity, and density) are, and have 
always been used in modern oceanography. These paremeters 
are entirely appropriate because they are fundamental to 

a dynamical understanding of currents, and they can be 
measured with acceptable accuracy. Measurement techniques 
were found to be generally adequate. ~I[t wassnoted that 
Aanderaa current meters, which do not have vector averaging 
Gapability,.are still the mainstay of current measuring 
programs; improvements in data quality would accompany their 


replacement with vector averaging instruments. 


We also found no evidence to suggest that analytical 
techniques are inadequate for data being collected in 
Canadian waters. Problems that do exist have more to do 
with what data were collected, and where, than with 


analysis methods used on them. 
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Predictive models for extreme currents, other than the 
tidal components, rely on long-term time series measure- 
ments. It has been shown, for example, that to achieve 

-a 10% error’ in the variance Of mean currents about 30 
years of data are required. Ihese Gata’are NOU avaliawr 
in the offshore area, with the result that estimates of 
current extremes produced by factors other than tide, and, 


perhaps, wind, have very low confidence. 


Methods for hindcasting wind-driven currents, uSing either 
empirical or deterministic models are available, but to 
date have not been applied for the region. Over the 
Northern Grand Banks, the Scotian Shelf around Sable Island 
and Lancaster Sound there are sufficient data to attempt 
this form of modelling with an opportunity to verify the 


results. 


In many locations there are now good data records for tidal 
currents analysis and prediction, and reliable estimatesmas 
extreme tidal currents can be made. The major difficulty 
lies in extending current data from one site, where mea- 
surements have been made, to another without data. Numeri- 
cal tidal modelling could assist in this, but to date there 
are no model data north of the Gulf of Maine and there is 

a severe lack of open ocean tidal data with which to operate 


these models elsewhere. 


Measured current data were found to have originated from 
three main sources: government Scientific research) indus ee 
baseline studies of a regional nature, and industry deploy- 
ments in conjunction with well drilling. Considered together 
in terms of their spatial and temporal distributions, it 
appears that no master plan for making measurements has 


evolved that is oceanographically sensible. Data available 
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now form a haphazard set of short-term records largely 
clustered around areas of active drilling or discovery. 
Systematic long-term measurements at locations strategic 
for delineating major currents or providing input data 

to predictive models have not been made. Consequently 
available data are largely inadequate for deriving cur- 
rent extremes with the confidence one normally associates 
with wind and wave criterial ii certain “areas, Hibernia, 
Venture and Lancaster Sound, there are data with which to 
make estimates, albeit with low statistical confidence. 
Removed from these sites, however, it is extremely adiffi- 
cult to specify design currents having an accuracy equiva- 


Lent sto swindeand wave criterias 


Canadian practice for archiving data has been fragmented 
such that water property, water level, wind, wave, and 
current meter data are all stored in separate databases 
often at different locations, and following different 
formatting systems. As a result .it is a difficult and 
frustrating process to assemble the concurrent records 
needed for a proper dynamical evaluation of ocean currents. 
This archiving procedure mitigates against use of those few 
data that are available for estimating current extremes 
other than by the most basic statistical methods. Moreover, 
designers are increasingly turning their attention toward 
joint occurrences of extremes in wind, waves and currents. 
The OrqdanizZation of Distorical data makes: thre wtype of 


analysis difficult also. 


Thus, from an oceanographic perspective we have found many 
shortcomings in where data have been collected and how they 
are stored for later use, and these have a direct’impact in 
how well design currents can be evaluated. We also note, 


however, the existing data, scientific interpretation of 
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them and industry studies have not revealed conditions 
that are beyond the drilling technology in use today, nor 
that «appear *to be (limiting, £oridesign-over most,of ithe 
East Coast. A decade of offshore experience has also 
failed to turn up serious problems that could be attri- 
buted? to ocean »currents or "extremes Of temperatures AThe 


effects of waves and ice are much more serious. 


As a result it cannot be concluded that present oceano- 
graphic knowledge is inadequate for offshore drilling 
needs as they impact on safety. With the exception of 
Hudson Strait and Flemish Pass necessary criteria on 
currents, water levels, and water properties can be 
estimated and adequately allowed for in design. In 
these two areas, however, and in deeper water along the 
continental shelf break, more data will likely be needed 


to plan safe drilling programs. 


In view of our findings on oceanographic practices and 
antaicipatingwansexpanding (offishoresdrillong snddustry woe 
would seem logical to reorient data collection along more 
rational lines than are presently followed. Essential 


aspects would include: 


1) establishing predictive techniques and data 


requirements for current extremes; 


2) organizing long-term strategic monitoring stations 


for all necessary parameters; 


3) standardizing instrumental and analytical techniques; 


and 
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ay [putting abby data into, onewarchiver suitable, for a 
dynamical analysis of winds and currents, in 


combination with wind waves. 
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SUMMARY 


This, Teponim presents jthesiresultsmofpsa istidy, jtoesassessu sine 
adequacy of available seabed information as input to design 
criteria and operating constraints for eastern Canada offshore 
exploratony. drilling. Thea primary .emphasis,.of they,,study,.is 
evaluation of the adequacy of the information in terms of the 
influence of seabed conditions on safety. 


Both the type and distribution of seabed sediments and the 
Occurrence WOOL wSignaticant geologic features have to be 
considered in the assessment of seabed conditions. Available 
data on the types and distribution of eastern Canada offshore 
sediments is based primarily on geophysical surveys and 
geological interpretation; a condensation of these data is 
presented aS a mapping of seabed sediments. Potentially 
Sieniticany geologic features and conditions have been 
identified in the eastern Canada offshore; these are discussed 
in the report but available data are not sufficient to permit 
their mapping. 


Exploration drilling equipment which interacts with the seabed 
includes* jack-up odrid bing, rigs, anchorns,, and wellL,.conductors:. 
The most..critical, interaction sisw that of) jack-up» units ) whiten 
depend completely upon the seabed for their support and which 
are susceptible to a variety of foundation problems. Analytical 
procedures are available for predicting the behavior of jack-up 
unit foundations and for designing well conductors; the design 
and performance of anchors are based on empirical methods and 
proof testing. ; 


For input to design criteria and operating constraints, detailed 
information on the geotechnical properties of the seabed 
sediments is. required. Available data determined from 
geophysical surveys does not provide the required geotechnical 
information,..and.is.not. ssuf ficient, to; permit. .evaluation,of. the 
effects of seabed conditions on the safety of offshore drilling 
operations. dt.as) therefore concluded. that, the avallable seabed 
information is not adquate as input to design criteria and 
operating constraints for. offshore exploratory, drilling. 
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CONCLUSIONS 


The safety of exploratory drilling operations in the eastern 
Canada offshore is significantly dependent upon _ seabed 
conditions. In terms of safety, jack-up rigs represent a 
greater potential risk than other elements which interact with 
the seabed, such as anchors and well conductors. 


in “order to minimize the safety risks associated with 
exploratory drilling operations, detailed knowledge of the 
seabed is required. This knowledge includes the identification 
and engineering assessment of geological features which may 
occur at the site as well as identification and evaluation of 
the®* geotechnical parameters” (solls*'strength’, "density, etc.) 
pertinent to the site and application in question. 


The present knowledge of the seabed conditions on the eastern 
Canada’-offshore’*is’ not sufficient’ -to* effectively predict "rue 
performance of structural elements which interact with the 
seabed. The data available consist primarily of geophysical 
records» which, "with “the coverage’*to”~ date, "have permitted” onay 
the development of regional mapping. Such mapping does not 
provide site specific information regarding the presence or 
absence of potentially hazardous seabed features. As it is not 
feasible to increase the coverage to a level where potential 
hazards at all future sites are identified, geophysical surveys 
are necessary on ae site specific basis. Site specific 
geophysical surveys will be most meaningful if tied into the 
current regional geologic framework. 


Information on the geotechnical parameters of the seabed 
sediments which is required for performance prediction and 
analysis of ‘seabed-structure” interaction’ is almost” entirely 


lacking and is therefore totally inadequate. Even™ ‘with = @ 
comprehensive geophysical data base, the geotechnical parameters 
would remain unquantified. As obtaining geotechnical 


information on a regional basis in the detail required for 
analyses at ‘a’ particular’ site is’”"even less” practical 7ias 
obtaining comparable geophysical information, site specific 
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geotechnical investigations are necessary. These investigations 
Wil ben most suseful 1b conducted’ {ine conjunction Jiwilth, ‘site 
specific geophysical surveys and related to the current regional 
geologic framework. 


Present geophysical and geotechnical equipment and techniques 
are sufficiently advanced to obtain the type and quality of data 
required for evaluation of seabed-structure interaction. 
Similarly, proven methods exist to predict the performance of 
structures on the seabed after adequate data has been obtained. 
Conventionally, the factors of safety used for offshore 
structures are smaller than used for structures on land. 
Increased factors of safety would be required to provide margins 
of safety which are comparable to those provided on land. 


Existing statutory regulations applicable to the overall eastern 
Canada offshore do not specifically require geotechnical 
investigations at proposed drill sites. They thus do not ensure 
that the information required. to ‘quantify the risk, related to 
seabed-structure interaction is obtained. Requiring site 
specific geotechnical investigations would provide the data 
necessary to minimize the risks involved with offshore 
exploration activities. 
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EXECUTIVE SUMMARY 


With the rapid development of exploration activity 
off Canada's East Coast, the safety of personnel involved in 
this industry and government's responsibility for regulation 
of that safety have become issues of interest and concern. 

A complex regulatory system has arisen due to a host of 
historical, geographical, technical, administrative and 
political factors. The need to sort out and examine this 


regulatory process has given rise to this study. 


The objectives of the study are to describe the 
organization and management structures of the federal and 
provincial agencies involved in the regulation of safety in 
Eastern Canada offshore drilling and to evaluate their 


effectiveness. 


A detailed summary of the organization of each of the 
primary agencies involved was produced. Federally, these 
are the Canada Oil and Gas Lands: Administration, the Canada 
Coast Guard and the National Search and Rescue Program. 
Provincially, the Newfoundland and Labrador Petroleum 
Directorate and the Nova Scotia Department of Mines and 
Energy are the lead agencies. In addition to these, a host 
of secondary federal and provincial agencies are involved. 
The organization of these and their relation to the primary 
agencies was described. Next, a detailed description and 
discussion of the administration and functioning of all the 
agencies involved was produced. Included in this was an 
examination of the major regulatory activities as they now 
stand and a list of significant recent or proposed changes 


to the structures. 


The study team had meetings with and collected in- 
formation from the agencies and from relevant petroleum 
companies and contractors. This information was combined 


with the study team's own knowledge of these agencies to 


produce an evaluation of the regulatory regimes described. 
Significant concerns related to potential deficiencies in 


the systems were identified and analysed. 


The areas of concern were categorized as general 
organization and policy, development of regulations, 
applications and permits, inspections, monitoring and 
enforcement, specific areas requiring special regulatory 
attention, and liaison between primary agencies and other 


groups. 


Those concerns which the study team concluded were 
valid led to the recommendations in this report. The most 


important of these are cited here. 


- In the federal system, the responsibility of the 
lead agency (i.e. COGLA) for the performance of other 
agencies should be clarified. , 

- Regulatory agencies should establish an internal 
set of procedures/guidelines that set out the methodology 
for designing and promulgating regulations, the basis on 
which regulations are reviewed and amended, and the 
methodology for handling industry requests for changes. 

- Provision should be made for a formal appeal system 
where industry has the opportunity to put forward to 
regulation agencies alternatives to particular requirements. 

- Industry should be invited, consistently, to 
provide input at the early stage of development of 
regulations. 

- A definition that sets out the legal authority of 
directives, guidelines and standards should be generated and 
published. 

- Regulatory agencies should have recognized 
procedures in place for testing and approval of safety 


equipment, 


- Regulatory agencies in the federal system should 
establish a formal mechanism for input of workers' safety 


committees into safety regulatory matters. 


~ COGLA and Transport Canada should formulate a 
workable set of standards for helicopter landing facilities 


taking due consideration of developing international 
standards. 


- There should be improved co-ordination of initial 


inspection and survey of drilling units to minimize any 
overlaps and gaps. | 
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EXECUTIVE SUMMARY 


The Royal Commission on the Ocean Ranger Marine 
Disaster has called for a number of studies to"inquire into, 
report upon, and make recommendations with respect to" a 
number of safety issues related to the marine and drilling 
practices and procedures utilized by Industry in offshore 


drilling operations. 


The objective of this study is to assess critcally 
the method used and the degree to which Operators and 
Drilling Contractors regulate the safety of Eastern Canadian 


offshore drilling operations. 


A detailed questionaire was developed and sent to 
all Operators and Contractors with activities in Eastern 
Canadian waters during 1982 and 1983. Following receipt of 
a number of formal responses to the request, a series of 
interviews were conducted with those companies to amplify 
the data base. The study team also held meetings with the 


prime Regulatory Agencies. 


The study emphasis was directed toward an objective 
evaluation of the offshore drilling Industry's ability to 
conduct operations in a safe and efficient manner within the 
framework of the regulatory regime imposed by the Government 
Agencies. The areas of specific interest included well 
control, lifesaving equipment and procedures, marine 


emergency training and marine procedures. 


The organizational structures of the Operators and 
Drilling Contractors were reviewed along with the contact 


relationships between Industry and the Government Agencies. 
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The eastern Canadian operating environment is 
complex, everchanging, physically hostile and politically 
sensitive. In the time covered by the study period a large 
number of changes have taken place in this environment. 
Governmental agencies have undergone major organizational 
restructuring and many new functional departments have taken 
a sudden interest in the control of the offshore industry. 
The industry itself has made a transformation from the 
predominance of the multi-national, major Operators and 
large established multi-rig international Contractors to the 
new Canadian independent Operators utilizing a group of new 
Drilling Contractors with a complete range of equipment 
types and a variety of operating styles. 

The large variations in the physical environment 
that characterize east coast offshore operations dictate the 
use of a wide range of equipment and operating procedures, 
and tend to increase the requirements for extensive and 
specifically tailored safety contingency plans. The 
Industry operates in one of the world's most complex and 
hostile environments and as a result must place a high 


degree of emphasis on safety. 


These internal and external pressures have a 
tendency to complicate the Operator's environment and his 
ability to control the overall safety of the operation. The 
Operator must ensure that all these variables are taken into 
consideration in dealings with the Drilling Contractor and 
the Regulatory Agencies during the planning phase of an 


offshore program to ensure that safety is not compromised. 
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This complexity is manifested when considering the 
complicated regulatory regime that has been developed to 
maintain the standards and rules governing offshore 


operations. 


The study team found that there has been a 
significant degree of improvement in the safety of offshore 
operations and in the administration of the overall 
regulatory control regime during 1982 and 1983. Industry 
and Government are working together in several key areas 
where there are common concerns and mutual understanding of 
weaknesses in the system. Significant steps have been taken 
by Industry and Government in implementing new ideas, new 
and improved equipment. and systems and in the development of 
an Industry oriented, training and development program 
philosophy. Industry and Government have reached a 
reasonable level of understanding of each other's roles and 


objectives. 


It is the opinion of the study team that the most 
significant development during the period has been the 
marked improvement in safety awareness on the part of 


Industry employees, supervisory staff and senior management. 


The Regulatory Agencies have matured significantly 
during the time and the local administration of Government 
policies in the operating areas has been a positive step in 
improving communication between Industry and Government. 
There has also been a definite relaxation of some of the 
politically oriented, local employment, goods and services 
issues that had begun to undermine the working relationships 


between Government and Industry early in the study period. 
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The team has however, identified a number of areas 
of concern in the overall management of the safety regime. 
These are generally related to marine oriented or non 
drilling issues and in most cases are related to activities 
that are under the control of the Drilling Contractors. The 
majority of these concerns can be traced to what appears to 
the study team to be a weakness in the overall regulatory 
control system. The Drilling Contractor, who owns and 
operates the offshore equipment and who employs the majority 
of offshore workers, is effectively isolated from the 
Regulatory Regime that controls these basic components of 
the Industry. 

The concerns in most cases relate to a lack of 
understanding of the Contractor's business on the part of 
the Operators and the prime Regulatory Agencies. The 
Operators and the Regulatory Agencies are forced by the 
structure of the Control Regime to make decisions of a 
regulatory nature on detailed issues affecting the Drilling 
Contractor's equipment, procedures and personnel. These 
decisions are sometimes carried out without formal effective 
input from the Contractor and in many cases without the 
input of those secondary Regulatory Agencies who may have a 


knowledge and understanding of the specific issues. 


Those detailed concerns, which the study team feels 
are critical to the success of Industry in its management of 
the safety regime, are addressed in the study. They could 
be reduced, if not eliminated, by action on the following 


key recommendations. 


1. The roles and responsibilities of the primary and 
secondary Regulatory Agencies must be clearly defined and 
any overlapping responsibilities eliminated. 

2. Industry must develop strong, dynamic and 
operationally oriented Industry Associations to. deal with 
Government on issues common to all members. 

3. Marine lifesaving equipment must be upgraded 
through the advancement of lifesaving technology to the 
level of the technology of the MODU's themselves. 

4, There should be a direct, working level 
connection established between the aviation control agencies 
and the offshore Control Regime to ensure that the safety of 
offshore helicopter operations is being effectively 
monitored. 

5. The operation of supply vessels alongside MODU"s 
should be evaluated to determine reasons for a number of 
incidents involving collision of the supply vessels with the 
MODU' s 


6. The Regulatory Regime must develop a system to 
ensure that all MODU's are administered in a consistent 
manner regardless of the flag of registry. 

7. The Operators and Government Agencies should put 
publicity and politically oriented pressures aside when 
dealing with the development and administration of safety 
oriented issues. The controversy around random versus 
scheduled emergency drills must be evaluated in isolation 
from these pressures. The Drilling Contractors should be 
given the responsibility to develop an acceptable system 


that meets the true safety requirements. 
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The guidelines covering planned evacuation from 

MODU's in the case of pending bad weather should also be 
evaluated by the Drilling Contractors in conjunction with 
the Operators and Government to ensure that all aspects of 
this approach are considered again in the light of true 
safety requirements and isolation from external political 
pressures. 

| 8. The Operators must re-evaluate the utilization of 
supply vessels in the role of standby support to ensure the 
standby role is not compromised during the transfer of a 
vessel from one operating mode to the other. 

9. Drilling Contractors should review practices 
covering safety meetings and drills to ensure there is an 
effective employee feedback process through which offshore 
workers can express concerns and receive satisfactory 
answers to their questions on matters of safety. 

10. Operators and Government Agencies must develop a 
better understanding of the Drilling Contractor's activities 
and safety control philosophies in order to more effectively 
develop regulatory controls governing these issues. They 
should strive for the development of an effective process 
that will ensure input to the system from the Contractors 
and the secondary Regulatory Agencies specializing in 
contractor related issues. 

ll. Industry and Government must continue the 
development of an overall training and development program 
based on the Drilling Contractor's training requirements, 
that is consistent with accredited international programs 
and allows the Contractors to use the vast training 
resources available within their world wide organizations. 

12. Although the study indicated a significant degree 
of comfort with the Well Control Regulations and the 
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Industry's ability to manage this area the study team feels 
that it is necessary to raise a warning flag. The overall 
Well Control process and the success of Industry in this 
critical management control area of offshore operations are 
vested in a group of individuals whose ability to prevent 
serious well control events depends on their total 
dedication to the wellbore pressure detection process. The 
best equipment and procedures available, coupled with the 
best training programs will be to no avail if these key 
individuals are not committed to maintaining constant 
vigilance and total awareness. 

13. Operators and Government Agencies must develop a 
strong understanding of the Drilling Contractor's organiza-— 
tional command hierarchy and the differences between the 
marine oriented and drilling oriented approaches. They 
should then allow the Contractors to demonstrate their 
individual capabilities in managing their activities ina 
safe and efficient fashion irrespective of a particular 
command philosophy. 

Industry is in general agreement that there 
should be one individual on board a vessel who is in 
ultimate control at any given time. . That, individual must 
obviously be competent in his management and leadership 
capabilities and he must have a strong knowledge and 
understanding of both the drilling and marine aspects of the 
operations with accredited certification in both areas. 

Operators and Government Agencies with little 
knowledge of the management of Contractor's personnel and 
operating systems should not interfere with the basic safety 
control philosophies of the Contractors. These systems have 
been developed over many years of experience and have 


demonstrated a good safety record. 
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Industry and Government should set aside 
differences surrounding the two management styles and work 
together to develop a consistent approach to the command 
hierarchy. The objective being the establishment of rules 
and regulations that would ensure strong basic safety 
requirements and yet allow the flexibility for Contractors 
with differing management philosophies to operate according 


to their best judgement. 
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EXECUTIVE SUMMARY 


The Final Report on the study "to Appraise Critically the Design, Operation and 
Performance Monitoring of Systems Critical to the Safe Operations of MODUs" is 
organized in four parts. The scope of each part is outlined in the Introduction 


following this Executive Summary. 


The Study Area is the Eastern Canadian Continental Shelf extending from US -Canada 
border to approximately 75 degrees N. The MODUs covered in the report and 
presently used in the Study Area are semisubmersibles, jack-ups and drillships. 
Drilling offshore Eastern Canada started about 15 years ago and two offshore fields 
have been identified (Hibernia and Venture), 17 gas strikes have been made and six 
major oil finds have been declared. It is assessed that with the 1983 drilling 
agreements concluded deployment of MODUs will peak to about 25 in 1934-85. 


The design of MODUs has progressed through several stages over the last decade. 
Units have increased in size to accommodate higher loads, allowing them to work 
further from coastal bases and be less dependent on supply vessels. In the 1970's the 
load capacity was typically in the range of 1,500 to 2,000 tonnes, and increased to a 
range of 3,000 to 4,000 tonnes in the 1980's. It is questionable whether this trend will 
continue, as a large number of units are operated with far less than the maximum 


capacity. 


Fourth generation semisubmersibles, currently being developed, include special design 
features for operation in harsh and cold environments. Referred to as "winterized 
semisubmersibles", these units can incorporate partly built-in working areas and 
derricks. Closing in these areas greatly improves the working environment, but also 


places strict requirements on the safety systems in hazardous areas. 


Jack-ups have not as yet been ordered for deeper and harsher environments, however, 
they are competing with semisubmersibles for intermediate waterdepths up to 100 
meters. As the rigs increase in size, the use of high tensile steel is required, and 


fatigue becomes a more important criterion in the design. 
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Safety relating to MODUs is probably best achieved by eastablishing certain "defence 
lines" against a whole range of hazards. As the first line of defence one should 
consider proper design and fabrication etc. The possibilities for efficient inspection 
and control should also be emphasized during the design stage. The second line of 
defence is linked to in-service inspection, etc. Tailor-made inspection programs for 
individual types of MODUs with due consideration of design concept, inspectability, — 
fabrication history, instrumented surveillance, etc. are necessary in this context. For 
example, improved inspectability may be obtained by using closed members instead of 
free-flooded members ("leak before failure"). This second line of defence should also 


comprise operational limitations on the unit. 


However, in order to avoid jeopardizing the safety of a MODU due to failure in the 
first two lines of defence, and more importantly, to be able to withstand possible 
accidental loadings (collisions, falling objects, etc.) a third line of defence should be 
established. This line of defence should give provisions for sufficient reserves to 
maintain structural integrity and hydrostatic stability for all probable accidental 


scenarios. 


Situations may, however, still arise where even less probable accidental loadings 
occur, e.g. due to severe damage caused by collision, explosion, etc. Hence, a fourth 
line of defence may be mobilized to provide for safe protection and evacuation of the 
personnel onboard. In other words, consideration should be given to provide the MODU 
with residual strength and floatability sufficient to prevent sinking or capsizing as a 
consequence of severe damage in a given weather state. Emergency escape routes and 


equipment should be designed for such a damage condition. 


The statistical basis for collecting historical data on offshore (MODU) accidents is 
relatively weak as the total operating period for MODUs is less than 5,000 rig-years. 
Large accidents such as "Ocean Ranger" and "Alexander L.Kielland" will therefore 


predominantly influence historical data on offshore accidents. 
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By combining an assessment and review of such statistical data with engineering 
judgement and interviews with rig captains and drilling section leaders on MODUs it is 


proposed that the following are the critical systems for safe operation of MODUs: 


- Jack-ups: Structural, towing, well control and fire and gas detection 
systems. 
- Drillships: Well control, structural, fire and gas detection, mooring 


and station keeping systems. 
- Semisubmersibles: Well control, ballast, structural, fire and gas detection, 


mooring and station keeping systems. 


Each of these systems are described in the report (Part II), which addresses also 
functional requirements and capabilities. Information on the actual performance of 
the critical systems are analysed for the identification of possible deficiencies and 
areas that need improvement and further development. Capabilities and limitations 
under emergency situations are also outlined, as well as the impact of human 


reliability factors.on system capabilities. 


In the study's development of design principles emphasize has been put on extreme and 
accidental environmental and operational conditions. The principles particularly 
address the systems that minimize the probability of progressive collapse arising from 
such factors as collision with ships.or ice, dropped objects, fire and explosion and 
extreme weather conditions. Moreover design of primary, back up and emergency 
systems representing different "lines of defence" have also been considered. The 
provision of proper redundancy systems, adequate reserve of strength and stability 
after accident, floatability after severe damage, inspection, maintenance, monitoring, 


control and reliability of various systems are also highlighted in the study. 


Design requirements should be established to ensure that the system is designed, built 
and operated with an acceptable safety margin against loss of life, pollution of 


environment and major economic losses. 
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There are two different approaches to design principles for the critical systems of 
MODUs: one for the structural system including structural stability and foundations 
(jack-ups); and the other related to system designs of mechanical installations etc. 
with more predominant reference to man-machine interactions, A detailed discussion 
on man-machine interactions and design principles relating to critical systems of 
MODUs is given considerable coverage in the Final Report. Emphasis has been put on 
the type of MODUs most frequently operating in the Study Area, with major focus on 
moored semisubmersible units. The Final Report contains descriptions of detail design 


principles relating to the critical systems identified in Part I and Il of the Study. 


The terms of reference for the study call for the selection of the most critical systems 
for safe operations of MODUs. In consultation with the Ocean Ranger Commission, 
and based on conclusions from Part I, and general safety issues covered in Part II and 


Ill, the following three most critical systems were selected for further study coverage: 


~ stability/ballast systems (of semisubmersibles) 
- towing/transit systems (of jack-ups) 


- well control systems 


The basic safety features of these systems and the justification for their selection as 


the most critical systems are covered in detail in the Final Report. 


As required by the scope of the study the design principles of the most critical systems 
for safe operation of MODUs and their appropriate references to existing Canadian 
regulations, it is important to remember that the contract relates to drilling units. 
The only two major and existing Canadian regulations/standards which will apply are 


therefore: 


- Canada Oil and Gas Drilling Regulations, 1980 (Energy, Mines and Resources 
Canada) 

~ Interim Standards Respecting Mobile Offshore Drilling Units, 1984 (Transport 
Canada). 
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The Canada Oil and Gas Drilling Regulations cover the permit applications, procedures 
and operational aspects of the drilling mode and drilling equipment. As such it does 
not - and should not - contain details on the stability/ballast system of the MODU 
supporting the drilling operation. 


The Interim Standards Respecting MODUs on the other hand covers stability and 
ballast system quite extensively. On intact and damage stability the Standards offer a 
wide coverage and impose requirements exceeding those of the IMCO MODU Code 
1980. The design principles on stability that are discussed in this study are well 
covered in the Standards. The principle of system redundancy is partly covered in 
Parts II] and IV of the Standards, but not given a specific reference but contained in 
the regulatory requirements. Failure analysis is not covered in the Standards, but it is 
questionable if such should constitute a regulatory requirement at present. The design 
principles associated with arrangement of the ballast system are also considered in the 
Standard, but referring to details in the Canadian Coast Guard Machinery Construction 
Regulations on "bilge and ballast pumping and piping systems". Design principles 
relating to components and equipment are only marginally addressed in the Standards. 
Such design issues are nevertheless seldom covered in detail in Standards or 


regulations; they are usually included in guidelines. 


The Interim Standards Respecting MODUs have been based on the IMCO_ ndgpilts Code. 
Only intact stability requirements are comparable with the NMD- Re WEARERS The 
damage stability standards do not include "high-energy" Sonat area -energy" 
damage involving two-compartment damage. On the other hand, the new Standards 
require, for column stabilized units, the ballast system to be capable of bringing the 
unit to a level condition from an inclination of 15 degrees in any direction, and where 
necessary Stripping pumps shall be provided for this purpose. The Standards seem to 
meet reasonably well with the design principle that the ballast system should provide 
active counter-measures for unintended inclination that may endanger the safety and 
stability of the unit. Also the design priciples regarding control and indication of 
valves and pumps have been covered. The safety measures provided by the design 
principle that the unit should be designed with sufficient resistance or stability against 


overturning for relevant damaged conditions are not fully met in the Standards. 
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A two-compartment damage is considered realistic in the exposed areas of the 
columns and such design requirments should at least be included. In general passive 
safety measures (stability criteria) will be more reliable than the active measures 
(counter-ballasting) and should be fully utilized first. Equally important as the 
improvement of the ballast system, are the qualifications of the ballast system 
operators. Formal approvals of operators certification, training programs, emergency 
drills etc. are not covered in the Standards. It is of course debatable whether 
requirements to training should be included in regulations/standards - or more feasibly 
be covered as guidelines or instructions. It is, however recommended that the 
maritime authorities should address the training of ballast control system operators in 


formal documents. 


The Interim Standards respecting MODUs consider jack-ups in transit, but not in any 
detail. The Standards do not apply to self-elevating or bottom based units when in the 
drilling mode. In the transit mode the units are regarded as seagoing vessels. The 
design principles linked to jack-up floatability/stability are considered in the Standard, 
but not with specific references or requirements. Towing arrangement principles are 


only marginally addressed but details on towlines are not covered. 


The transit condition of jack-ups falls in a regulatory "grey zone", as it is not normally 
covered by drilling and/or structures regulations while in its operational mode at 
location on a continental shelf. It is not adequately covered in international or flag 
authority regulations in international waters. The Canada Oil and Gas Drilling 
Regulations do not address the basic design criteria or problems associated with 
towing/transit systems of jack-ups. It is not recommended that the drilling regulations 
should be ammended to cater for this transit mode. The interim standards do not 
address the drilling mode. In the floating mode including towing/transit, a general 
requirement calls for a post-voyage inspection to ensure that no damage has occured 
in transit and that the structure remains safe. When on tow the jack-up is regarded as 
a seagoing vessel for which the Canada Shipping Act applies. This is mentioned in the 
preamble of the Standards, however, it is recommended that proper reference to the 


Canada Shipping Act is made in the appropriate sections of the Standards. Provided 
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general considerations of the jack-ups as a non-propelled barge are made, it is 
recommended that further requirements to the towing operation are given, and at 
least a Towing Declaration should be required in connection with relocation of jack- 


ups in Canadian waters. 


The well control systems are normally covered in national drilling regulations. It is 
also believed that fatalities caused or effected by improper well control cannot be 
attributed to regulatory requirements but mostly to human errors. The Canada Oil and 
Gas Drilling Regulations cover very adequately the design principles of well control 
systems discussed in Part III of this study. It is therefore not recommended to amend 


these regulations in regard to the design principles discussed. 


The Interim Standards respecting MODUs only marginally address well control 
systems. The present coverage is deemed adequate provided reference is made to 
"Canada Oil and Gas Drilling Regulations" in the appropriate sections of the Standards. 
It may, however, be worthwhile considering the issue of "policy documents" covering 


instructions relating to organization, training and staffing of well control personnel. 
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SUMMARY 


The following subsections summarize the major changes in MODU 
technology since the late 1940's. MODU design has evolved from the 
use of land based drilling equipment on shallow water barges to 
present day complex, large capacity world-class, drilling, units 
capable of operating in severe weather and surviving the worst ocean 
Storms. The present state of the art in MODU design is briefly 
described in Section 2.1. , 


Safety considerations have affected the development of all major MODU 
systems. The success of safety considerations in recognized MODU 
design has been proven over the years by a decrease in accident 
frequencies. Safety aspects are summarized in Section 2.1. 


PRESENT STATE OF THE ART 


Present generation mobile offshore drilling units are characterized 
by their ability to operate efficiently over extended periods in very 
extreme environmental conditions. All. of the three principal types 
of MODU, drill-ship, jack-up and semisubmersible have extended their 
operating capabilities significantly from the first generation 
units. Typical operating limits for present day MODUs are as 


follows: 
Ship Jack-up Semisubmersible 

Water Depth Moored 460 m 100 m 450 m 

D8 1830 m - 1830 m 
Drilling Depth 7600 m 7600 m 7600 m 
Deck Load 10,000 t 1500 t 4000 t 
Max Wave Height 21m 21m 8on Sain 
Max Wind Speed 100 kt 100 kt 100 kt 


Semisubmersible Configuration 


The semisubmersible MOOU configuration has evolved as the most common 
configuration for operation in harsh environments due to its low 


motion response characteristics. Modern units are able to carry 


Zuiko 


Cans 


| deckloads in excess of 3600 t, and drill wells in excess of 7600 m 


deep. Moored operation in water depths in excess of 450m and 
dynamically positioned drilling in water over 1800 m deep have been 
accomplished. The semisubmersible configuration has the greatest 
overall operability of the different MODU types. 


Structural Arrangement 

The structural configuration of the modern drillship is essentially 
unchanged from conventional ship structures with the exception of the 
midships moonpool necessary for drilling. With sizes ranging from 
about 60m to almost 200m in length drill ships cover the same 
general shapes and sizes of small to medium size cargo vessels. 


The most common structural arrangement for semisubmersibles is now 
the twin-hull semisubmersible, comprised of two pontoons supporting 
4, 6, or 8 stability columns and deck structure. Columns and hulls 
are tied together by transverse and longitudinal tubular truss 
arrangements. The upper deck may be a single level platform or it 
may be a two-level barge deck or 'box' deck to gain topside space. 
The single deck configuration offers lower topsides weight and 
greater deck load capability, while the barge deck configuration can 
provide somewhat greater deck area and reserve buoyancy in the event 


| of extreme list. 


For shallower water and milder environments the three leg cantilever 
jack-up is the most common type of unit. These units have barge-type 
hull construction and either tubular or lattice truss leas. 


Materials and Welding 


The principal advancements in material selection for MODUs have been 
the introduction of higher-strength steels, low-temperature notch- 
toughened steels, and through-thickness steels used in high stress 
areas particularly in connections. 
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Higher strength steels were first recognized in shipbuilding practice 
in the 1960's, and these were eventually included in most 
Classification society rules by the early 1970's. The latest 
Classification rules now address selection criteria based on service 
application. 


Welding techniques have advanced in the areas of pre and post-heat 
treatment, development of procedures for welding large thicknesses, 
and welding of high-strength low alloy” steels. Principal 
achievements have been in reduction of pre-heat and post-heat 
requirements and in increasing weld deposition rates to achieve 
greater fabrication productivity. 


Mooring System 


For a long time, MODU mooring systems were limited to water depths of 
180 m or less. In the 1970's winch capacities and chain and wire 
manufacturing techniques were improved to permit mooring systems to 
be designed for depths up to 450 m or more. Water depth extensions 
have increased the weight of mooring systems dramatically, leading to 
novel arrangements of mooring components, including conventional 
Chain and windlass systems, combination chain and wire systems, and 
all-wire systems with drum winches. Present semisubmersible designs 
employing 8 line systems with 89 mm wire or 76 mm chain are equally 
common. The newest generation units are utilizing 12 lines with 
chain or wire of similar size. 


In the past 5 years a number of semisubmersible units have 
incorporated dynamic positioning systems to eliminate water depth 
limitations. The reliability and controlability of modern thrusters 
gives dynamically stationed MODUs the capability to drill in water 
over 1200 m deep, and remain on station and connected to the wellhead 
in storms up to Force 9/10. | 
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Ballast System 


Present day semisubmersible MODUs have remotely controlled ballast 
systems capable of trimming or changing the draft of the unit quickly 
and accurately. These systems evolved from the early gravity fill 
independent tank systems to today's positive-fill systems with 
redundant controls and power sources. 


Early jack-up units had only individual leg or corner pre-load 
tanks. Present generation jack-ups have bilge drain systems and pre- 
load tanks under centralized control. This allows better control of 
the critical loading and unloading of the legs. 


Ballast Control Station 


Early MODUs, particularly jack-ups, had no centralized control 
location for ballast pumps, and ballast control was dependent on 
coordination of operations among several jocal stations. Modern 
MODUS have taken advantage of sophisticated control technology now 
available to provide complete control of the ballasting function from 
a central location. Semisubmersible MODUS incerporate central 
ballast control panels containing tank level, valve status, draft 
status and pump control information in 'mimic' layout. 


Propulsion System 


Most early MODU designs were not self-propelled, with the exception 
of drillships, which utilized conventional ship propulsion systems. 
Tunnel thrusters were introduced in drill ships to provide some 
lateral assistance for conventional mooring systems, and gradually 
these were supplemented by retractable or azimuthing and retractable 


thrusters until fully dynamic positioned drillships were developed. 
The early semisubmersibles had no propulsion system, but thrusters 


became practical for propulsion assistance on long ocean transit and 
for mooring assistance. Thruster units evolved from 600 to 1200 HP 
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fixed orientation propulsion assist units to present day 3000 to 4000 


HP azimuthing units designed for dynamic postioning applications. 
Mobility 


First generation semisubmersible MODUs featured multiple column and 
hull] arrangements which produced very poor performance while under 
tow. As the twin-hull semisubmersible evolved, transit condition 
performance gradually was improved by adopting optimum draft and hull] 
proportions for towing. Bow and stern shapes were selected to 
minimize wave interaction with the stability columns. Some present 
semisubmersible MODUs have incorporated ship bows and. sterns, 
including bulbous bows, to increase speed in the transit condition 
with less tug assistance. 


Jack-up units have also seen improvements in hull shape, including 
radiused bilges and leg/spud can fairings to reduce towing 
resistance. When long moves are contemplated for these units, 
special purpose transport barges are often utilized to carry the 
jack-up by various dry tow methods. This operational development has 
reduced considerably the risks inherent in transporting jack-up units 
over long distances in rough seas. 


Stability 


In most early MODU designs, stability considerations were limited to 
provision of sufficient GM and waterplane area to resist the effects 
of 35 m/s to 50 m/s storm winds. Gradually other considerations were 
addressed, and accidental flooding criteria were adopted to enable 
MODUs to survive damage resulting from boat collisions. 
Classification societies included intact and damage stability 
requirements in their rules, beginning with the ABS rules for MODUs 
in 1968. 
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Present generation MODUs are designed to meet extensive stability 
requirements. MODUs are now designed to withstand a worldwide 
standard severe storm criterion, plus flocding due to waterline 
collision damage or other accidental flooding of the hull. 


Drillships and jack-ups are designed to meet one-compartment damage 
flooding standards, following conventional ship design practices. 
Semisubmersibles are designed to meet multiple compartment flooding 
standards for waterline damage while in operation and any one- 
compartment flooding for other cases. 


Payload 


First-generation units were designed to carry 500-1000 t of deck 
load. Drilling ‘tocations eventually extended to remote areas where 
re-supply considerations dictated large deck load capability. DriTl 
ships had no difficulty in providing deck load capacity in excess of 
3600 t but even the largest early semisubmersibles could carry only 
1400 t on the average. Present generation semisubmersibles average 
2,/00 t deck load, with some designs capable of carrying 3,600 t or 
more at operating draft. This increased capacity enables units to be 
less dependent upon operational limitations of supply vessels. 


Operability 


Early ship and barge-shaped MODUs were severely limited in 
performance if seas exceeded 3-4 m. Vessel motions and wave forces 
made it very difficult to work the units, and mooring equipment could 
not withstand the wave effects. The introduction of the 
semisubmersible hull form immediately improved the operability of the 
MODU, and modern severe - environment semisubmersibles suffer weather 
downtime less than 5% of the time during the year. 


gS eg Ws 


eye 3 


Zot. 14 


oie 


Deepwater Operations 


Early units evolved from Gulf of Mexico practice where water depth 
seldom exceeded 100 m and seas were less than 2.5-3 m except during 
hurricanes. Designs were adapted to deeper water in stages, and 
MODUs can now operate in virtually any water depth, and in seas up to 
20 m without leaving station. Semisubmersibles are now designed to 
withstand a maximum wave height in excess of 30 m in some regions, 
with an associated wind speed greater than 50 m/s. 


Hostile Environments 


Drillships and semisubmersibles have been used in ice covered areas 
during ice-free periods of the year. Most semisubmersibles have some 
form of ice protection at the transit waterline, but several 
drillships are ice strengthened at the operating waterline to protect 
the hulls against drifting ice. Further advancements are expected in 
design of ice-classed MODUs, and a circular hull unit has now been 
built for operation in first year level ice in the Beaufort Sea. 


Dynamic Positioning 


Prior to the introduction of dynamic positioning (DP) systems on 
MOCUs, the maximum water depth for exploration drilling was 
approximately 365 m. With the refinement of DP systems, wells have 
now beén drilled in water depth exceeding 1400 m and waterdepth up to 
1830 m present no technical challenges. 


SAFETY OF OPERATION 
Safety aspects of modern MOOUs are discussed in many references 


included in Part III - Section 8. The principal safety features of 
modern MODUs are discussed in Part II and summarized below: 
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Stability Requirements 


Stabi lity* requiationsi *nows “ini veffect Hitor’ mMODUS@ vexertia MicuponG 
influence on the configuration and size of the unit, and usually 
limit the payload capacity. The regulations are intended to ensure 
that a MODU can resist the effects of all expected storm conditions 
and survive the most likely damage situations without jeopardizing 
the safety of the personnel on board. The present regulations are 
designed to limit payload so that the effects of 50 m/s winds and 
waves, or damage flooding resulting from boat collisions do not 
capsize the unit. ‘ 


Structural Adequacy 


Present design practice incorporates basic consideretions that 
enhance the structural adequacy of the MODU and the safety of 
personnel on the unit. These considerations include reasonable 
factors of safety for design loads, adequate fatigue life, redundant 
Structure or reserve strength, ability to withstand low energy 
collisions, and selection of appropriate construction materials. In 
recent years technical advances have enabled engineers to improve 
their success in predicting maximum design loads and gain a better 
understanding of fatigue life of the structure. 


Modern MODUs routinely withstand collisions with supply vessels with 
no: {Signi feicantimdemage toss the destructines Vital elements of the 
structure are often made redundant or are provided with sufficient 
reserve strength to withstand credible loadings. 


Ballast System 


Ballast systems have evolved from simple gravity type systems to the 
present day multiple pump room fully redundant configuration. 
Ballasting is critical to all three types of MODU's covered in this 
Study but the semisubmersible requires the most complex ballast 
system. Many of the most recent semisubmersible designs have four 
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pump rooms located fore and aft in each pontoon. This provides full 
reaundancy as well as the capability of emergency deballasting in the 
event of accidental flooding. Controls include automatic fail-closed 
valves, valve status, and tank level indication systems. 


Emergency Power System 


All vital services are now directly connected to the emergency source 
of power. Some new MODU designs include emergency generators capable 
of operation at large angles of inclination, consistent with damage 
flooding requirements. This action ensures that the unit will be 
able to recover from most conditions of accidental flooding. 


Inspection and Maintenance 


Significant advances in design and construction technology have 
necessitated similar refinements in inspection and maintenance 
practices. While these aspects are operational factors rather than 
design factors, they bear a direct influence on the increased level 
of safety of modern MOODUs. More sophisticated fabrication and 
testing techniques are employed today to detect and _ control 
fabrication flaws or deficiences. Modern MODUs are required by 
national regulations to attain various levels of fitness in order to 
be permitted to operate. Planned maintenance is being implemented on 
many MODUs as a means of reducing the costs of operation while 
increasing the unit's cperating efficiency. 


Lifesaving Appliances 


The operators of MODUs are taking steps to improve designs of 
existing lifeboats and escape capsules. There have been significant 
advances from the early open boats to the totally enclosed, powered 
escape capsules, but even more develocment is needed. The principal 
objective of industry is the development of a boat or launching 
system which can be deployed in heavy weather from an inclined 


vessel. The industry is iavestidgating novel deswansiefornmdatnchin 
of 
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systems including free-fall systems, pendulum type capsules, and 
escape slides. Many systems offer the promise of a breakthrough in 
personnel evacuation safety, both in the drilling industry and in 
other maritime industries. 


AREAS FOR IMPROVEMENT 


The main areas for potential improvement in the safety of MODU 
operations are discussed below. 


Jack-up Seaworthiness 

Although the overall MODU accident record has shown improvement over 
time the number of accidents involving jack-up units under tow or 
when moving on or off location points to an area for improvement. A 
reduction in the number of jack-up accidents is certainly 
desirable. Whether this is most easily achieved by better 
operational planning and weather forecasting or by design changes is 
arguable. 


Lifesaving Apoliances 


Both the Alexander Kielland and the Qcean Ranger merine disasters 
have pointed out the difficulty of performing lifesaving operations 
from a disabled platform. Industry is moving forward with numerous 
innovative solutions to this problem of lifesaving operations. The 
increase in safety through improved lifesaving capabilities is of 
high priority for all concerned. | 


Ballast Systems 


Performance requirements for MODU ballast systems need to be 
addressed to ensure that ballast contro! capability is available in 
emergency situations. As a minimum the ballast system should provide 
deballasting or counterballasting capability for damage or flooding 
conditions set forth in the regulations. 
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Training 


Though not a design problem the issue of MODU crew training is 
certainly of importance in overall MODU safety. Many operators are 
moving forward with increasingly rigorous and comprehensive crew 
training programs. These programs often involve both the operations 
and design staff and simulators are now available for training is 
ballast control and BOP operations. The increase in feedback from 
operations to the designers will help make for safer design in the 
future. 


Rules and Regulations 


Present rules and regulations covering MODU design in harsh 
environments have proven to be adequate. There have been no 
compelling examples to indicate a major change in existing rules is 
necessary. The causes of the Alexander Kielland and Ocean Ranger 
MODU accidents have been attributed to lack of enforcement of 
existing classification society rules and to improper training of 
crews, but not specifically to inadequacies in existing regulations 
for MODUs. However, the variations in application of standards by 
regulatory bodies is sometimes confusing. There is a need for 
unification of current national regulations governing MOOU design for 
harsh environments. 
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THE RISKS OF OFFSHORE OIL AND GAS EXPLORATORY DRILLING 


IN EASTERN CANADIAN WATERS 


A Report to the Royal Commission 
on the 
Ocean Ranger Marine Disaster 


Part One A Perspective on Risk 


Part Two Risk Assessment of Human Safety 
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THE PROBLEM OF RISK 


For almost two decades the people of Atlantic Canada have been looking 
forward to the development of an offshore oil and gas industry that will 
bring to the region employment for their kere and a higher level of 
prosperity for all. It was understood from the outset that any such 
developuent involved some risk. Those who live close to the sea, and earn 
their livelihood from sea-going activities are no strangers to risk, and so 
the explorations that pepar in 1966 were undertaken in the knowledge Re 
the sea is a dangerous place. ene alsc there was some resigned or 
fatalistic acceptance of the risk. 

Just haw dangerous it can be was brought home dramatically to all 
Canadians on 15 February 1982 when the huge semi-~submersible Ocean Ranger 
tilted and then eansived and sank to the bottom, with the loss of all 84 
persons aboard. That event, as 1s a common experience following 
disasters, gave rise to a Verwot searching questions. "Need it have 
happened?", "Could it have been prevented?", "How can we make sure it never 
happens again?" and, in terms particular to this case, "What are the risks 
of offshore oil and gas explorations off the coast of Canada?". 

It is to this last question that this essay is addressed. Are the 
governments of ey ene tia and Labrador, Nova Scotia, and Canada and the 
people they represent sending offshore workers into situations that are too 
dangerous in the quest for the benefits of economic growth and development? 


How do we know that what governments and private corporations are asking 


people to do is fair and reasonable? How can we be sure that appropriate 
steps have been taken to safeguard the lives of those who accept risky 
occupations for the benefit of the whole society? 

It is not the purpose of this report to attempt definitive answers to 
such questions. Rather the objective in Part One is to try to clarify the 
concept of risk and the methods of risk analysis and risk assessment, in 
order to show how the problem of risk might ideally be approached. There 
are shortcomings in the methods and in the available data, as will be shown, 
but the primary aim here is to develop a reasoned approach to risk, and to 
place the risk of offshore 011 explorations in some perspective. In Part 
Two an assessment of the risk is attempted, with comparisons provided of the 
risks of offshore drilling with other activities. 

A questioning attitude to risk 18 a characteristic of the last decades 
of the twentieth century. As the second millenium draws to its close many 
more people are questioning, on a scale never before seen, the directions 
and values of western industrial society. These questions and this 
questioning attitude would have seemed strange to our forefathers who first 
settled and built Atlantic Canada. For them it was a case of "nothing 
ventured--nothing gained". To take risks was a way of life and while the 
value of skilled seamanship was a source of heroism and pride, the guidance 
and protection of the Hand of God was also often and earnestly sought. When 
things did go wrong and lives were lost people were often disposed to accept 


events as Acts of God and return with humility to their prayers and their 


boats. 


What has happened to change all that? Has western society lost its 
nerve or its adventurous risk-taking spirit, that things are so much 
questioned? To the extent that this is true, it is probably due to success 
and affluence. The widespread concern with risk in Canada today extends to 
many aspects of life. Canadians are concerned about toxic contaminants in 
food and drinking water; about the transport of dangerous goods by road and 
rail; about the risks of nuclear power development; about the use of 
chemicals to control pests in forests and farms; and about the dangers of 
offshore o11 and gas exploration. The list seems almost endless. 

Reading our daily newspapers and watching rps nee a visitor from a 
distant country might be excused for thinking that Canada has become an 
extremely dangerous place where people are threatened by hazards on every 
side. The reverse is true. Life in Canada today is safer than it has ever 
been. The infant mortality rate is among the lowest in the world, and 
people live longer lives than in most other countries. If life is so risky, 
how is it that people are living longer? The truth 1s that life is not more 
risky for the average Canadian. The risks our forefathers took in 
developing the country, and the risks we have taken with modern technology 
and industry in recent decades have paid off. The wealth we have created 
has enabled us to reduce risks. 

Of course, the type of risks we face has changed. The development of 
science and the application of technology have indeed created new risks that 
did not exist before. In general, however, the new risks have so far proved 
to be less serious than the old risks that we have managed to control and 
reduce. On balance development reduces risks. In the lives of nations as 


in the lives of people, richer means safer. 


Paradoxically, it may be our very success in controlling risks, and 
guaranteeing a safer, richer and longer life for most Canadians that makes 
us fearful of the new and unfamiliar risks. It is not s0 surprising 
therefore that Canadians with a degree of moceriat wealth and social 
security that is the envy of most of the world's people should have become 
fearful about the new risks eHevirace: and even somewhat distrustful of 
those in authority who seek to provide reassurance and tell people that they 
need not be so concerned. 

While it is true that Canadians are more fearful about risks than ever 
before, it 15 not always the case that those most at risk are the most 
concerned. Those that live Bieeees nuclear generating stations have been 
shown in sample surveys to express less anxiety about the dangers of a 
nuclear accident than those living further away.(Whyte, 1983). Even in 
relation to toxic hazards, and transport risks, there is often a public 
interest group voicing opposition as loudly as or more loudly than those who 
are most at risk.(Whyte and Burton, 1982). 

The concern for the dangers of offshore oil and gas explorations is 
another case in point. The concern for the safety of the workers, and 
perhaps especially for the possibility of environmental damage sometimes 
seems to be greater the further one gets away from the sea! 

In some ways this is an encouraging sign of national maturity--when 
people are genuinely concerned for the welfare of all Canadians and all of 
the Canadian environment, wherever they may happen to live. No civilized 
nation in the latter part of this century would wish to be seen subjecting 
some of its citizens to an undue risk in order that others may benefit. The 


principles of fairness and equity in sharing benefits and risks have long 


been established as a basis for our society, and the orderly conduct of our 
affairs is understood to require that all people, those with much power and 
responsibility, as well as those with little, approach such questions in an 
open-minded and reasonable fashion. 

How, it might be asked, is reason to be brought to bear on such a 
complex matter as the risks of offshore oil and gas exploration? The answer 
is that new methods of analysis have been developed precisely for the 
purpose of handling such difficulties. Collectively called "risk 
assessment" these methods enable us to see what 1s at stake and what is 
involved when governments and private sector corporations embark upon new 
ventures in the application of science and technology for the benefit of 
society. This report describes some of the methods and characteristics of 
risk analysis especially in the context of the Eastern Canadian offshore 
explorations and indicates how they can be helpful now and may become more 
so in the future. At the outset it is also necessary to sound a note of 
caution. Risk analysis is not a panacea. It does not solve the problem of 
risk by providing a formula for decisions on the basis of quantitative 
analysis. What it can do is to provide perspective and facilitate choice. 
Ultimately the choices to be made require judgement, based on sound 
knowledge, sympathetic understanding, wisdom and a lot of common sense. 

The beginning of wisdom in the study of risk is to realise that there 
is no such thing as "safe" if we mean by that some holy Wat of absolute 
safety. Safe is a relative term. Any nation, just as any person, that 1s 
alert to the opportunities and dangers of this world, must realise that we 


can only hope to achieve a position that we can accept as "safe enough". 


This does not mean "safe enough" for all time, but simply "safe enough” for 
now. What we consider tolerably safe today our children and grandchildren 
may not tomorrow. They will have to recognize, however, that risk 15 a part 
of life, and that living well and successfully means to choose your risks 
wisely. Excessive concern over the wrong risks does not lead to greater 
safety--it actually increases overall risk by leading to the neglect and 
exacerbation of other risks. 

Two examples serve to illustrate the point. 

Whan artificial sweeteners used in soft drinks--cyclamates—-were 
withdrawn from the market because they were suspected of being carcinogenic, 
risk assessors pointed out that were consumers of soft drinks to substitute 
an equivalent amount of sugar in their diet, that this would contribute to 
obesity and heart disease. Calculations were made to show that the net 
effect on human health would be worse from consuming sugar than cyclamates. 
Thus an initial attempt at reducing risk by banning cyclamates could turn 
out to have quite the reverse effect. 

Similarly in the case of energy production, opponents of nuclear power 
generation have pointed to the risk to human health of possible releases of 
lonizing radiation. If nuclear energy is not developed however, an 
expansion of fossil fuel (oil and coal) generating stations will be required 
with an associated increase in sulphur dioxide emissions causing acid rain. 
Evidence for the adverse health effects of acid rain is now beginning to 
appear, especially in the release of heavy metals into the environment. 

Here again, it 1s evident that well meaning attempts to reduce risk in one 
direction may increase them in another, and this can happen in quite 


unexpected ways. 


In theory a balanced risk or minimum aggregate risk approach is 
desirable, but reliable comparisons of this kind are rarely possible. The 
lesson to be noted is that the apparent elimination of risks by banning 
cyclamates or stopping nuclear power development is not necessarily the 
safest course. 

Not to take the risks of offshore 011 and gas development could well 
prove to be the more risky course. But to take these risks in a careless 
fashion, putting those involved at too high 2 risk would also be, if done 


knowingly, an irresponsible act. 
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IX 


CONCLUSIONS 


Li The Data Situation 

Risk analysis of offshore ay explorations by the historical method is 
severely handicapped by data limitations. These include: 

1) the short period of record such that average rates are subject to 
wide variation as a result of the occurrence of a small number of rare 
events; 

ii) incompleteness of reporting; 
111) systematic bias in figures reported to regulatory bodies and 
worker's compensation boards. 

When cross national comparisons are made, these data limitations are 
further increased by lack of standard definitions and reporting classes. 

If accident and fatality rates are considered to be important in 
Canada as a means of assessing risk, monitoring safety performance and 
providing comparable data, then a single accident reporting form collected 
by a single agency with the authority to ensure that the reports are 
complete and accurate would provide the information needed to gain better 
understanding of the causes of accidents and the risks faced by offshore 
workers. If such an innovation were made in addition to the existing 
reporting requirements for companies in the offshore industry, compliance 
would be less than enthusiastic and the results would correspondingly be 


likely to suffer. Improvement and simplification of existing reporting is 


what is required, 
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There is an important international aspect to data reporting. If data 
from the several nations engaged in offshore oil explorations are to be more 
comparable, some standardization of reporting categories and definitions is 
desirable. This is a task more appropriately undertaken by an international 
intergovernmental body such as the International Labour Organization. 
2s The Risk of Fatality 

Deaths in the offshore oil and gas industry can be divided into two 
populations. Those associated with routine operations are termed 
“industrial accidents". Those associated with major accidents are termed 
“marine disasters". Fatalities in the first Gareeery occur more often in 
small numbers--often as single fatalities and almost always in groups of 
less than 20 deaths at any one time. Fatalities in the second category are 
associated with a large number of simultaneous fatalities as in the case of 
the Alexander Kielland (North Sea) and the Ocean Ranger (Canadian east 
coast). 

Marine disasters are associated with the total loss of a MODU. There 
have been 63 total losses reported in the period 1956-80 (see Table 4). 

Only a small number of these have resulted in a large loss of life. 

Of the 486 lives lost worldwide in the period 1970-82, a total of 349 
or 72% have been lost in the four major disasters listed in Table 6. 

Let it be assumed that large losses of life may be expected at the 
rate of four times in every 63 total loss accidents, or once every 16 total 


loss accidents. If one total loss occurs for every 81.3 rig years (Table 4). 


then it may be estimated that a total loss accident pee ne with a high 
loss of life--that is, a marine disaster, may be expected to occur once 
every 1,300 rig years. Given a record of 5,125 rig years of operation in 
1956-80 (Table 4) four major loss of life accidents is close to the expected 
number. 

How does this translate into expected risk of fatality for an offshore 
rig worker? If all persons on board a rig involved in a total loss accident 
are assumed to be lost (not likely to be always the case) then the chance of 
being killed for a person who spends a whole year on a rig is .0008, or 1 in 
1,250. If the person (as is commonly the case) is on the rig only half of 
the time then the risk of being kilied in any given year is .0004 or } in 
2,000. 

This compares with the probability of being killed of 1 in 166 
calculated in Section IV on the basis of assuming that all total loss 
accidents involve the loss of all hands on board. Certainly this has been 
the limited Canadian experience. In 49 rig years of operations there has 
been one total loss accident and all lives were lost. 

Estimates such as these demonstrate the twin difficulties, on the one 
hand, of extrapolating from a short period of record, and on the other hand, 
of applying worldwide data to eastern Canada offshore conditions. The risk 
estimate of a worker being killed in a single year of .006 made in Section 
IV is almost certainly too high. The risk estimate of .0004 1s probably too 
low. Note that it is very close to the risk to the population of the United 
States from all accidents which 1s reported as 1] in 2,000 in Table 7. This 


would suggest that being a worker on an offshore rig 1s no more dangerous 
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than the life of an average person in the United States. This is a little. 
hard to accept. 

To say that the risk of fatality of an offshore oil rig worker in 
eastern Canada is (on an annual basis) between .006 and -0004 is not a very 
precise estimate. It is the most that can be said on the basis of present 
data. 

Fatality rates for the United States, the United Kingdom and Norway 
are listed in Table 31. These rates are not strictly comparable, but what 
is surprising about them is the relatively narrow spread considering the 
data deficiencies. In probability terms the chance of being killed for an 
offshore worker ranges from .002 (U.K. 1974) to .00002 (U.S.A. 1979), not 
counting the record of zero om Te tee inthe *Uck. 1nc.l97s), 
cA Injury Rates 

Accidental injuries can be compared less easily between countries than 
fatality rates. No injury rates have been found for U.S. offshore areas. 
Comparisons cannot be made with rates for the United Kingdom North Sea area 
which are given in “serious accidents per 1,000". The closest comparison 
that can be made is between eastern Canada and Norway as shown in Table 32. 
While the years for which data are available do not coincide (except for 
1977 and 1978 for Norway and Nova Scotia) the Norwegian rates are generally 
of the same order as those in the eastern Canada offshore area. 

This analysis has not been able to establish any ma jor differences in 


injury rates among the four countries studied. 
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TABLE 31 
COMPARATIVE FATALITY RATES IN OFFSHORE OIL ACTIVITIES IN THE UNITED STATES, 


THE UNITED KINGDOM AND NORWAY 


Year u.s.} U.K.2 Norway? 
1974 -- Lac ranges 

jb Tf, aoe a) between 
1976 L213 1,5 1.7 and 2.8 
LOFT, -96 8 

1978 eoD 0 

1979 S62 ces 


1. Rate per 1,000 workers per year. 
2. Rate per 1,000 employed. 


3. Rate per 1,000 person-years. 
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TABLE. 32 


INJURIES PER MILLION PERSON-HOURS. NORWAY AND EASTERN CANADA. 


Norway Eastern Canada 
Nova Scotia Newfoundland 


and Labrador 


Upper Lower Upper Lower 

Estimate Estimate Estimate Estimate 
1974 80 -- -- -- -- 
1975 By) = alt = = 
1976 67 -- -~ -- -- 
L977 75 74 148 [= Pe 
1978 83 42 84 a a 
1979 = Mu bbe 198 23 46 
1980 -- 80 160 et 74 
1981 -- 20 40 27 54 
1982 =~ 44 88 49 98 
1983 => ae oat 53 106 


Definitions as given in Tables 19, 27 and 30. 
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4. Comparisons with other activities 

In the United Kingdom it 18 reported that an offshore worker is about 
twice as likely to have an accident as a worker in general manufacturing and 
about half as likely as a miner. Accidents offshore are more likely to be 
fatal especially in diving activities (Tables 13, 14, and 15). In Norway it 
is reported that the injury frequency on offshore platforms is comparable to 
landbased activities such as mining and wood-conversion. (Table 20). In the 
United States outer continental shelf it 1s reported that the drilling 
accident rate is nearly 15 percent lower for marine oil and gas operations 
than for those on land. 

There is no statistical basis for similar comparisons in Canada 
without resort to inaccessible raw data. Such an analysis could, in theory 
at least, be made for Canada especially 1f accident reporting procedures are 
improved. Given that accident rates in the eastern Canada offshore area do 
not appear to be significantly different from those reported elsewhere, 
especially in Norway, there 1s no reason to suppose that comparisons with 
other industrial activities would show Canada's offshore oil explorations to 
be especially more dangerous from an "industrial accident" point of view. 
Indeed on the basis of limited comparisons it might be judged that offshore 
drilling and related activities are safer in terms of industrial rates and 


more dangerous only in terms of the low probability of a "marine disaster". 
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5% Accidents by Type of Activity 


Priority areas for risk reduction can be identified by an examination 
of those types of offshore activity which result in higher numbers of 
accidents. 

In the Gulf of Mexico it is reported that 42 per Ly: of the accidents 
involving fatalities occur in drilling operations, and a further 41 percent 
in production operations (Table 9). Most fatal accidents are caused by 
machine or equipment failure (27 per cent), personal accidents (24 per cent) 
and fires or explosions (19 percent). By comparison helicopter crashes 
account for only 17 percent of fatal accidents and blowout only 1 per cent. 

In the United Kingdom sector of the North Sea, drilling is the single 
most accident related activity, and the largest number of fatalities is 
associated with diving (Table 11). There has been only one helicopter 
fatality reported. 

In contrast, in the Norwegian sector of the North Sea, diving has a, 
much lower proportion of fatalities, whereas helicopter accidents account 
for the largest single fatality class (Tables 17 and 18). 

Why is it that in the Gulf of Mexico drilling appears to be more 
dangerous, and that diving appears to be a special problem for the British 
and helicopters for the Norwegians? The most likely explanation is that the 
differences are more apparent than real and are a product of limited periods 
of record. When experience is short one or two freak events can change the 
statistical pattern. Only with long time series data are these freak 


events averaged out into some "normal" rate. 
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6. Factors in Accident Events 

Man-machine systems of all kinds can fail or can operate improperly 
due to faults in the machines and their design or due to operator-error 
(commonly called human errors). All accidents are due to human error at 
some point. Accidents resulting from equipment failure may be traced back 
to poor or improper design. 

Experience shows that in the offshore o11 and gas industry, the rapid 
expansion of the worldwide MODU fleet has been accompanied by substantial 
improvements in technology. Yet it is clear that things can still go 
radically wrong as demonstrated in the total loss accidents in recent 
years. The further application of risk modelling methods such as event- and 
fault-tree analysis to the design of offshore oil platforms may yield 
benefits in the prevention of future possible disasters. 

The most common cause of accidents whether of the "marine disaster" or 
“industrial accident" type is operator error. The record shows that the 
safety record in the offshore 011 and gas industry 1s as good if not better 
than in comparable industrial activities on land. Accidents at sea, 
however, are more likely to become serious because of the hostile marine 
environment in which they may occur. For this reason, a higher level of 
safety performance should be expected on drilling rigs at sea than on land. 
There 1s some evidence, in the United States at least, to suggest that a 
higher standard of performance 18 being achieved. 

The United States NRC study (1981) makes one very telling point about 


offshore safety. It reports that operator experience is a key factor. 
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It was found that 76.5 per cent of all injuries occurred to employees with 
less than one year on the job, and that 54.8 per cent of all injuries 
occurred within the first six months of employment. 

MODU workers who are in such danger of accident are necessarily a 
danger to others also. Clearly the proper selection and training of 
offshore oil workers is a crucial factor in improving safety performance. 

In addition to the application of risk modelling and improved worker 
selection and training, this study of risk indicates that another area of 
risk reduction that needs close examination is the area called "consequence 
mitigation". It is an axiom of risk analysis that accidental events can be 
reduced in frequency but not completely eliminated. Risk management 
includes the making of preparations to help reduce the effects of accidents 


when they happen. 


-\@ 


“s 
i « > rr *® § % 34 -.e% dad3 briaeo 


17 n i i aE Z te F ot ep ps 
sl D. « dor , Se mo a) dl ort, agit) A 
i e pet 


— 4 ; 
5 finar xia Jeti gel 4 
: f 


ore? rar 
dig bs tyes 
Yo ¢ bes 


human arrog ak 
uma erro 4 


\C*seaneb Mousa at ese ofw STS 30 udor 


—_— nd Ae 
| VerDl i@ 
Zz —— 
s 7 
4 ~ 
, , Bm f ‘ » 
r dy 
. 
: :4 : 3 
% 
H 7 
a 2 } iJ 
: 
4 ‘ 
‘ had 
{ 77 < 
ro , 
4 / 
0 
° + ‘ 
\ 
rr 
4 
Ty 
s 
” 
t 
‘ ‘ 
oe | " : 
lin 
; ' ; ip 
} ie 
ve 5) ree 
: ' ! ; 
a » /fAG ») .. a 
- 
7 T a, se : 
as [ ‘ = 5 - 
‘ea ‘ ‘eved,- zy 


U 7 7 7 is 
e4 ¢ oe _ 
ab ¥ (i9ai) @tkéeo une wer” ft 
+ ! ’ Par * 
Lina a Se er . 
‘Paat J 7 oT] 


AN ESSAY ON THE DESIGN 
OF 
MOBILE OFFSHORE DRILLING UNITS 


PREPARED FOR THE 
ROYAL COMMISSION ON THE OCEAN RANGER 
MARINE DISASTER 


MAY 1984 


pelt 
a 


EARL AND WRIGHT 


CONSULTING ENGINEERS 


,» @6 4 ee OH CO 
Po ae eis 
i Py 


tt Os - | 


¢ 


G wv’ ,~4 


4 ae 


ii 


INTRODUCTION 


A. 


Purpose 


This essay provides an overview of the design procedure for a Mobile 
Offshore Drilling Unit (MODU) from conceptual studies through rig 
operation. This procedure is shown in Figure 1. The information 
presented is based on the experience of Earl and Wright and its 
parent: company, SEDCO, and does not necessarily represent an industry 
standard. 


The following chapters outline design procedures applied by Earl and 
Wright in the design of SEDCO semi-submersible drilling units. The 
Same general approach applies to drillships and jack-ups. However, 
the semi-submersible's unique structural arrangement presents special 
design considerations, and its fabrication is geared toward pressure 
vessel quality rather than the sometimes less stringent requirements 
normally applied to ships. 


sp 


Design Timetable 


The Following description of the design process implies a well 
defined boundary between each phase and between the steps within each 
phase. In practice, time constraints often dictate an overlap 
between steps and phases. For example, construction of the basic 
structure may begin before all of the machinery and outfitting 
details are complete. 


Participants and Responsibilities 
Various participants are involved during the design process. Section 


5 identifies the participants, summarizes their roles, and discusses 
their responsibilities and impact on the final product. 


V. 


PARTICIPANTS/CASE STUDIES 


A. 


Participants 


The major participants in the design, construction and operation of 
an offshore drilling unit have direct impact on the unit at various 
times and in varicus capacities. The primary participants are the 
owner, designer, builder, drilling contractor, operator, 
classification society, and regulatory agency. One organization may 
fill more than one of these-roles. 


Due to the number of participants and the complexity of the overall 
process, it is easy to visualize breakdowns in communications and 
disagreements on interpretation of various technical or regulatory 
requirements. 


These potential problems may be further compounded by the various 
combinations of participants. The following two examples highlight 
the potential discontinuities that can occur. 

ed 


Case Study No. l 


The first example in Figure 6 represents an extreme but realistic 
situation which has numerous possible gaps or discontinuities in the 
design-construction-operation process. The basic assumptions are as 
follows: 3 


fe) The drilling rig is designed by an independent designer who has 
no further involvement with the construction, or operation of 
the unit. 


fo) Rights to the design are bought by a builder, who builds the rig 
on speculation. 


Oo The eventual) owner buys the unit and obtains a certificate of 
fitness tc operate in a jurisduction not covered during the 
design and construction of the unit. 


Oye 


fe) Subsequently, the owner leases the rig to the drilling 
contractor under a bareboat charter. 


This scenario requires several independent parties to separately 
interpret technical data and drawings to properly build and operate 
the drilling rig. 


Case Study No. 2 


The second example in Figure 6 minimizes the possibilities of 
discontinuities in the design-construction-operation process. In 
this case: 


O The owner, designer and drilling contractor are all the same 
organization and operations staff. 


) The owner has a shipyard team that includes members of the 
design group. 
=~ 
6) The unit is designed for specific operators, and the operators' 
input is included in the design of the unit. 


fe) The vessel is classed and certified during design and 
construction to operate in the designated drilling jurisdiction. 


In this scenario, a single group is responsible for design, 
construction and operation of the drilling rig. 


Consequences and Responsibilities 
The consequences of the discontinuities during design, building and 
operation of a drilling rig are difficult to evaluate; however, it is 


advantageous to have continuity from initiation of design through 
operation of the rig, as represented by Case Study No. 2. 


poe 


The. responsibility for each step in the overail process “asiidiee 
clearly delineated in Case Study No. 2 as opposed to Case Study No. 
le 


The roles of the classification society and regulatory agency in 
establishing guidelines and minimum standards of design construction 
and operation, and their participation in design review, building 
inspection and ongoing operations surveillance, are clearly 
understood. However, their responsibilities in case of a faulty 
design, defective constructicn or negligent operations (whether 
implied or actual), have not been addressed to date. 
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Figure 6 
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1. Bareboat charter to drilling contractor. 
2. May not be the original designer. 
3. May be more than one regulatory agency 
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Case Study No. 2 
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1. Owner, designer, and drilling contractor are the same organization. 
2. Owner has shipyard team. 
3. Unit designed for specific operators. 
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1. INTRODUCTION 


The Royal Commission on the Ocean Ranger Marine Disaster as part 
Of, one, ,of its. terms, of. reference, to investigate, training, 
cermtifdcation and. safety. of persons on, Mobile Offshore Drilling 
Units (MODUs) and their support craft, commissioned the College 
of Fisheries, Navigation, Marine Engineering and Electronics, St 
Jonns., Newfoundland, .to .carty out 4 study on) training. for, fhe 


Eastern Canadian Offshore Petroleum Industry. 
The objectives of the study were: 


fo; describe and compare .trtaining practices in “Canada “and 


Ofer Coin tad e's. 


to assess the adequacy of current practices and draw 
conclusions as to any outstanding needs for the training of 


personnel working in the Eastern Canadian offshore industry. 


These objectives were considered in relation to four major 


aspects of the industry: 
i) the training of all personnel in safety and survival; 


ii) the additional specialist training required by persons with 


designated safety responsibility in an emergency; 


iii) the training needed by persons over and above their normal 
trduwseraal. ~ marine » or “aviation, wocattouval | trainime. to 


enable them to work safely on a MODU or its support craft; 


iv) the training of marine and aviation personnel in rendering 


assistance following an incident. 


The area of concern was the Eastern Canadian Continental Shelf, 
from the Canadian/United States boundary North to approximately 
75°N, and the scope was ‘restricted to the exploration drilting 
phase and related support by vessel and helicopter. Training in 
other countries was also examined as a comparison with Canadian 
practices and to see to what extent existing “International 
standards on foreign drilling units and support vessels working 
off Eastern Canada could be accepted as satisfactory Canadian 


requirements. 


It is important to note that all the data used in the report were 
collected prior to. the send of (springs) 954. Improvements have 
been made over the past year in the areas of marine survival and 
safety training for the Eastern Canadian offshore petroleum 


industry. 


2. STUDY STRATEGY 


A study group of three researchers, under the general direction 


of Dr C R Barrett, President of the College, prepared the report. 


Between October 1982 and April 1983, the team viisited 73 sorganiz- 
ations in Canada, the United States, the United Kingdom, Norway 
and the Netherlands. They also made literature searches and 
obtained information from another 22 organizations by telephone 


and 14 by mail. 


The organizations selected for visit were government agencies, 
marine and petroleum industry training establishments, fogs ad 
companies, drilling and services companies and search and rescue 


organizations. 


In many cases the information obtained was of a subjective 
nature. Only Norway has detailed requirements for much of the 
training *“*latqa" down **ini § ep t's Latur n'. Industry standards are 
variable and are applied by the will of the industry, rather than 
as a requirement. Likewise training and certification differs 
widely between the long established marine training and the much 
more recently established MODU training. 


3. AN OVERVIEW OF TRAINING 


The ‘reasons efor «training are sadiscussedisin (the report. Industry 
and marine training can enhance a person's work skills and be 
tested in the workplace. Emergency training can only be tested 


in a real situation. 


Training is available onshore in classrooms, on simulators or at 
practical training grounds using real equipment such as life 
saving or fire fighting equipment. It can also be done offshore 
asi, One the-job Ebraknings,s While industry accepts the former, 
particularly ;forg emergency, ) (training, there psistesttilhilsas stmong 


feeling that ‘'real' practice must take place at the work site. 


The,,four countries studied,.the US, Norway,.* the, UKs and (Canagaae 
display a diversity of training approaches, and very different 
funding practices, ranging from the Norwegian belief that society 
as a whole must accept the responsibility to the US system where 
industry or the individual must be responsible for both provision 
and funding (even though Government may make a requirement). The 


UK and Canada fall somewhere in between these extremes. 
USA 


In the USA, industry is largely self-regulating. Government sets 
requirements for certain key figures in respect of certification 
- such as the person in charge of various types of MODU, or for 
specialist qualifications = for instance well control 
certification at various grades for drilling personnel. In 
general however there are few Governmental requirements, and none 


for basic safety training. 


Training establishments are usually privately owned and funded 
from course fees. Some universities, notably the University of 


Texas, which collaborates closely with the International 


BS SOChiat tonsiof Drtliias Contractors CLADC), play their part, but 


even then funding is directly from course fees and sale of 


publications. 


Norway 


In Norway, courses have been established in conjunction with 
existing marine. or technical colleges. The Norwegian Operators' 
Association (NUP O) nag funded specialist “facilities; notably athe 
VeryabexpensiverSies6 i madigon) }fire -“sround sandy *survival "crate 
platform at the Norwegian Academy of Sea Rescue and Damage 
Control. Other maritime schools have received funds to set up 


special courses from companies with bases in their area. 


Both vocational and safety training courses must be approved by 
the education authorities and the regulatory agencies. Generally 
there are no fees payable by those attending such courses, which 


are financed from central Government funding. 


The United Kingdom 


ingetchne Untted (Kingdom,. much), 08) the, -training “etiort. revolves 
around the Offshore Petroleum Industry Training Board (OPITB), 
which was set up by the Government and funded by a levy on the 
industry. When Government support for training boards was 
withdrawn, the OPITB was ‘adopted' by industry which injected an 
initial capital sun. Funding is now from course fees. ro.2.s 
managed by a Board comprising members from industry, trade unions 
and educational’ institutions. Le. offers **trainings itselt* and 
works in conjunction with two non-profit making regional bodies, 
the Scottish’ Offshore’ Training Association  (SCOTA) and ‘the 
Petroleum Training Association North Sea (PETANS), whose members 
include all offshore companies im their respective areas 
(Scotland and East Anglia). They arrange training courses as 


requested by their members. 


Two major educational establishments provide a great deal of the 
UK safety and survival training - Robert Gordon's Institute of 


Technology in Aberdeen and the College of of Further Education in 


Lowestoft. There are commercial schools offering specialist 
training in, for instance, offshore crane operation and 
dri ising: 

Canada 


In,,Canada, «the Petroleum “Industry Training (Service, (Plilis), an 
industry-governed non-profit making organization, has provided 
onshore drilling training since 1949 and is now becoming involved 


in offshore matters. 


The. Canadian, Oil. and ,.Gas Drilling Regulations and Canadian 
Shipping Act require emergency training for offshore workers, as 
do the Newfoundland and Labrador provincial government regul- 
ations. The Canadian Ministry of Transport's Marine Emergency 
Dutdes,. «Course... uMED — iil, is available at.<« public” educattonae 
establishments in Canada. In Newfoundland and Nova Scotia 
special courses have been developed for MODU workers. There is no 
mandatory standard for safety training in the Eastern Canadian 


omishore. 


Newfoundland and Labrador Petroleum Regulations (1977) require 
from the industry some expenditure on research, development, 
education and training, but only a small proportion had been 


spent on training by the end of 1982. 


4. THE MOBILE OFFSHORE UNIT (MODU) 


Types of MODU and Associated Hazards 


Ene wreport. considers tne three basic types of. MUDU. jatk mes 


semi-submersibles and drillships and discusses their advantages 


and disadvantages. 


industrial hazards include stire..  blLow=-out, HAS emission and 
accidents to persons caused by work activities. Marine hazards 
include” bad weather, ‘partticularly violent "storms, ” ballasting, 
jacking up or down, towing and other rig movement activities, 
structural or stability failure, instability of the seabed under 
a jack-up leg, collision with vessels, icebergs or pack ice and 


helicopter crash. 
MODU Crew 


The composition and structure of the marine crew varies on 


different MODU types and depends on national practices. 


Drillships have fully certified officers and trained seamen, as 
required” Dy? *tteett bas s<ot? treg Peit'ry.. Standards between countries 


are very similar. 


Semi-submersibles exhibit the greatest variation in manning. For 
units registered in Norway, the United Kingdom and Canada, 
manning scales are set by the marine administrations, and require 
certified officers and seamen, even while on station. Norway 
requires the Master, Mate (known as the Stability Section Leader) 
and Watchstanders to have special training in MODU operation, in 
addition to their conventional marine training. US registered 
semi-submersibles only require certified crew for long voyages, 
and only then if self-propelled. However, the US substitute key 
marine crew who have qualified Cor "special industriak’- 


eertificates. 


Jack-ups usually have only the barest skeleton marine crew on 
board when on station. There are no Canadian registered jack- 


ups, at present. 


For Norwegian and British jack-ups the maritime administrations 
determine crewing levels on an individual basis. lf sel 
propelled, they, would , probably be : required to have “as tue 


complement of deck and engineering officers and seamen. 


The,,compositfon’ ‘of “the” drittiing? crew" is Ssinitlar” for 4allereoe 
types regardless of flag. The* drilling crew" is “divided “into eva 
"tours', who work in twelve hour shifts. They are supported by 
various specialist service personnel and are usually directed by 


a representative of the lease operator. 


Bagic Emergency) Vira ning 


The USA has no requirement for basic emergency training, although 
some companies provide on board instruction. Norway, the UK and 
Canada all require such training. The first two countries have 
agreed standards: in the UK, the UKOOA Guidelines, drawn up by 
industry to satisfy a legal requirement that all persons shall be 
suitably trained; in Norway the LEIRO II syllabus, required by 
law. The standards are comparable, with two-week long courses 
for -each,\\ but “for "classes “of occasional” offshore’ worker seeere 


UKOOA Guidelines allow for various lesser grades of training. 


In Canada, the Newfoundland Petroleum Directorate requires 
workers to go through the MED II course, which was designed by 
the Canadian MOT for mariners, or an acceptable equivalent. Both 
the East Coast and Arctic Petroleum Operators Associations (EPOA/ 
APOA) and the Newfoundland Offshore Petroleum Impact Committee 
have made proposals, which are being implemented. The EPOA/APOA 
proposed Basic Offshore Training (BOT) course offers four levels 


of training, to satisfy the need to train various classes of 


occasional visitor as well as regular workers. The Newfoundland 
Basic Offshore Survival Training (BOST) proposal is comprehensive 
and the format, two separate weeks, is designed to fit in with 
offshore work patterns. Two schools in Eastern Canada are equip- 


ped to provide the necessary training for the immediate future. 


Conclusions on Basic Safety Training 


General: 


Lee Norway, the UK and Canada all require some basic safety 


tcatlning «apiole.itraining «ts snot; required sin the, Us. 


Lie In Norway the standards are laid down by government, in the 
UK the industry has established standards through the UK 
Offshore Operators Association, to meet a general government 
requirement. In Canada, the. National “and” Provincial 


Governments set standards, accepting equivalents. 


3. The standards in the UK and Norway are similar to those in 
Newfoundland (BOST), with permanent offshore workers spend- 
ing about two weeks on accident and fire prevention, fire 
felve h Gin g, first aid, survival Crate operation, water 


survival and helicopter under escape. 


4. The EPOA/APOA BOT involves five days training for regular 
offshore workers. There are three levels of lesser training 
for grades of casual worker. Conditions are comparatively 
benign off Nova Scotia. Newfoundland, where conditions are 


worse, does not accept BOT. 


5. The North Sea countries have an adequate number of well 
equipped training ‘centres (there may be some shortages at 


times of peak demand). 


Training needs in Canada: 


There is a need for persons on MODUs off Eastern Canada to 
have basic emergency training, appropriate to the harsh 


environmental conditions. 


The content of a suitable course should comprise two main 
core components, namely: Offshore Hazards, Fire Prevention 


and Control; and Rig Abandonment, Rescue and Survival, to be 


taken. by all. regular, ,workers. The course should . be 
supplemented by lectures, demonstrations and hands-on 
experience in Helicopter Procedures; Cardiopulmonary 


Resusitation (CPR); Emergency Safety Oriented First Aid 
(SOFA); and Hypothermia, to be taken by selected persons. 


The MED II standard required by the national Government is 
not specific to MODUs. The EPOA/APOA BOT and Newfoundland 
BOST, are designed for MODUs. Comparison between these and 
the Norwegian and British curricula would assist in devising 


the optimum course. 


It is necessary to have different categories of training for 


persons spending different amounts of time offshore. 


Categories could be: 

Occasional workers (up to three or four visits with no over- 
night stays) 

Seasonal workers (up to twelve nights per year offshore) 


Regular workers (over twelve nights per year offshore). 


Training should be given in procedures to all who may have 


occasion. to ,use radios. 


Consideration should be given to harmonizing training 


standards throughout the region, taking due account of the 


different environmental conditions. 


8. A review should be made of the facilities in the existing 
training establishments to ensure that they are adequately 
equipped and staffed. to provide training for expected 


numbers of trainees. 


Specialist Emergency Training 


There are few formal requirements for specialist emergency 
personnel. In the US the only requirement is to have a number of 
certified lifeboatmen; in the UK and Norway, the requirements are 
ill-defined sP attnough® rrepractice**training °istusuatly given wes 
fire teams and lifeboat coxswains. A number of schools offer 
suitable courses, for individuals and complete teams. In Canada, 
COGLA requires by directive that the crew has sufficient damage 
control training and this involves a demonstration of the damage 


control team” at work: 


Conclusion on Specialist Emergency Training 


General: 


l. Non) Gountrys ~ has. surficiently addressed ~the subject oF 
specialist emergency training, although in Norway and the UK 


Mumerous courses are available and are used by industry. 


2. Some individuals, such as lifeboat coxswains and _ some 
groups, such as ig End = and damage control teams, need 
specialist training. General safety training does not 


sufficiently address specialist needs. 


3. Where training is provided it is generally thorough and 


realistically simulates actual emergency conditions. 
Canadian needs: 


1. The isolated, distant nature of the industry makes self-help 


emergency action particularly important for the region. 


26 Little emergency team or specialist training is available in 
Canada, and facilities need to be developed, probably at 
existing institutions offering basic safety training. 


3. Subjects to be covered should include damage control, team 
and specialist fire fighting, man overboard and survival 


craft handling. 


4. Conditions must accurately simulate those found in service 
and training exercises must. be carried out in, the’ “mose 
severe conditions practicable without hazarding the 


trainees. 


Die Regular drills and periods of refresher training are needed 


by specialists to keep them in preparation for an emergency. 


Marine Crew Training 


The practices differ between the US, which tends to regard a MODU 
as an industrial site in the sea.and Norway, the UK and. Canada 
which regard it as a ship engaged in an industrial activity and 
require some marine officers and deckhands. In. the, US jspeeiag 
industrial licences have. been developed, to allow drilling 
other industrial personnel to assume positions of command or 
other responsibility. These require proof of considerable 
practical. experience in .marine or offshore, operations (anda 
examination in marine subjects, which is not so rigorous. The 
other countries require certificated mariners. In Norway MODU 
experience and additional training is required for senior 


personnel, usually on top of their conventional marine training. 


Certain key positions relating to marine operations from a MODU, 
such as dynamic positioning equipment (DP) operator and ballast 
control room operator have no direct counterparts, although 


simular marine tasks exist-on ships. 


Only 


r3 


Norway has addressed the problem of their experience and 


qualitications) and.then, only for jballast’ controllers. 


Conclusions on Marine Crew Training: 


Person in Charge: 


General: 


The Person in Charge must PEERY, appreciate the 
relationship between drilling activities and the 
capabilities and limitations of the unit. 


Neither a Master Mariner nor a Toolpusher can be 
assumed to have all of the necessary knowledge and 
appreciation to command a MODU without Specific 
training (however obtained) directed towards operations 


of the MODU type concerned. 


Canada® nas "ath present, no system for conducting, 
approving or certifying either MODU-related training 


for Masters or marine training for Toolpushers. 


THE USCG Special Industrial Master's Licence, while 
offering a "conceptual model, does not require suffic-— 
ient depth of knowledge for safe operation in the harsh 


Eastern Canadian marine area. 


Canadian needs: 


Consideration should be given to establishing a course, 
to familiarize licensed Masters with the special 
aspects of MODUs and drilling operations. The course 


could lead to a 'MODU Masters' endorsement. 


2. For jack-up, units on station, the toolpushéer could 
appropriately be the person in charge. A course should 
be developed to provide such a person with suitable 
familiarization with Eastern Canadian offshore 
conditions and provide training in marine 
emergencies. 

Mates: 

General: 

) Canada has no system for conducting, approving or 
certifying specific training for MODU Mates. The only 
domestic unit to date is crewed by Mates holding marine 
certificates. The: MODU=specitic training (on, €nis wna 
is organized by the operator. 

phe: A Mate on a MODU on location has only some of the 
duties of a merchant vessel Mate, but he has some 
additional duties which are unique to the job. The 
USCG Special Industrial Mate's Licence is designed to 
provide the necessary training for all of these duties, 
However the examination standard is low compared to 
regular marine certificates, but may be satisfactory 
for the sheltered waters of the Gulf of Mexico. 

3. Standard marine training is a good foundation for ine 


training of MODU Mates, although it does not address 
the special features of MODUs. The Norwegian MODU 
Stability Section Leader certificate course supplies 
the additional training. 


Canadian needs: 


Hee 


Company MODU training for Mates would be appropriate 


but there are few suitable positions available where 


15 


practical  Kexpertencesein “ayggjunlor, Capactcy can be 


obtained. 


Since: the Mate is a central figure in an emergency on 
board he should be trained to an advanced standard in 
fdygeseiiitehting, damages control, man.<overboard .and) the 


deployment of survival craft. 


Watchstanders: 


General: 


The Watchstander has a central role in the operational 
marine safety of semi-submersibles, particularly in 
respects ofpebaklaste control functions. On most units, 
he has other duties as well, which are often similar 


to those of a marine watchkeeper. 


There are as yet no widely accepted standards in Watch- 
stander's training. Only Norway has any formalized 


program. Elsewhere there has been a great deal of 


recent activity in developing new courses, many 


directed to the stability of semi-submersibles. This 
is a necessary part of a Watchstander's training but is 


not in) Loeselt sufficient. 


Watchkeepers on drillships are certified mariners. 
Their duties are consistent with normal marine practice 
and are adequately covered by regular training 
programs. There is no equivalent position on jack-up 
units except during moves, when normal towing practices 


are followed. These are adequate. 


4. Canada has no published standards for Watchstander's 
training for» domestic) or foreign .units,.on the, Continejmea 


Shelf. 


Canadian needs: 


Ls Watchstander's training should include: stability of 
multihull MODUs both when intact and damaged, ballasting 
procedures in the event of damage or loss of the main 
control system as well as the effects of anchor tension on 
stability and trim of MODUs, and other aspects of his duties 
as required. The Watchkeeping Mate certificate would be a 


good basis on which to develop courses. 


2. Watchstander's training should include some instruction on 
the actual unit's system. Consideration could be given to 


independent examination of his knowledge. 


Engineers: 


General: 


l. In! Canadas, there is».a general shortage of persons. holdingva 


FirstClass, Engineer's; Certificate. 


2. In Canada, there are no specific MODU related train 
course or examinations for engineers on MODUs under CCG 


regulations. 


3% The Engineer is a senior person whose expertise is critical 
in times of emergency involving mechanical and electrical 


breakdowns and malfunctions. 


an Current examination standards to normal First or Second 


Class marine certificate levels, or their equivalent appear 


adequate. 


The USCG MODU Engineers examination is of a lower 
Standard," andsemay. not --be™ appropriate? in  “Bastern 


Carada « 


Norway is the only country which requires a licenced 
engineer (or equivalent) to take special MODU 
endorsement courses in addition to Marine Engineer 
Ofilecer vy irainmings The Norwegian Technical Section 
Leader's certificate is issued after succesful 


completion of this additional training. 


Canadian needs: 


ls 


Consideration should be given to setting up a course to 
enable suitably qualified engineers (not necessarily 
marine) to understand all the requirements of MODU 
machinery and systems. This could be used as the basis 


of 'MODU engineer' certification. 


Radio Operators: 


The Certificate required by a MODU Radio Operator is 
based on the marine radio equipment fitted where the 


unit is classed as a ship. 


The present restricted radiotelephone operator's 
certificate does not itself indicate a sufficient level 
of competency to be radio operator on a MODU. Leo car 
be satisfactory if the employer provides adequate 
Supplementary training in the operation of specially 
installed equipment and in company and other emergency 


procedures. 


Where the MODU carries operators with marine 


certificates higher than the restricted radiotelephone 


Operator Ss ‘certificate, |) the: training: is. adequate. 


The earth station endorsement proposed by the DOC/CCG 
task force would be beneficial where .the MODU jis 


equipped with a satellite communications system. 


Crane Operators: 


General: 


ly. Crane operations, if not properly conducted, can pose 
considerable hazards to the MODU or to an associated 


vessel. 


2s In Canada, there are no regulations requiring training 
or ,certification of ,offshome -crane, operators, 7) nor are 
there any specifically organized courses for crane 


operators. 


a In Europe pmatidsas theses , crane operator courses are 
available and on the job tutoring is also common. US 
training is usually on the job with packaged 


instruction and theoretical courses. 

Canadian needs: 

1. Consideration should be given to establishing a 
facility) story readisticssofishorne qecraney traini nope 
Eastern Canada. 

Helicopter Landing Officers: 

General: 

ise The positton of HLO is not officially reécognizequa 


most units, .operating -of f (Canada, sand ,issmot> filledwpy 


any particular class of crew member. 


NO *specitucee training —- takes place! “OENeCr .sclamyytne. 
obtainable on the job. 


In a complex and potentially hazardous situation, the 
presence of a trained person, able to understand the 
Sequence |) or events and) react. to “any incident, Ws 


essential. 


Canadian needs: 


A committee, comprising helicopter operators, MODU 
owners and government, should be set up to consider 
existing Bwvropean® training ‘courses, ‘with (alviews to 


requiring similar training in Canada. 


DP Operators: 


General: 


Good on the job training can be adequate, if subject to 
Management commitment and control, except for emergency 
actions which need to be rehearsed under simulated 


conditions. 


Simulator training 1s the onty “oractuical swav. ho 
practise emergency actLons . and LE realistic is 


adequate. 


Canadian needs: 


Consideration should be given to the establishment of a 
suitable course, and the provision of simulator 
facilities. This may not be necessary if DP equipment 


suppliers can provide adequate training. 


Weather and Iceberg Observers: 


Las The training of Observers appears to be adequate for 


their tasks. 


Zs The policy of new Observers being accompanied by 
experienced personnel is a good safeguard, as well as 
providing” for on the job trainings after (chew in eeee 


onshore courses. 


Detling Crew Training 


Only Norway has a comprehensive training scheme for drilling 
personnel, which is orientated towards offshore. It was designed 
originally to build up a national drilling capability. The ctnes 
administrations all require blow-out prevention (well control) 
training for key drilling personnel and in the case of the US all 
drilling personnel. Although this well control training is not 
specific to ,,offishore, and, is nok, additional.” Coseitie saan 
requirements for onshore drilling, because of the special hazards 
of a. blow=out .in the ‘confines of “<4 “MODU out) “at,” sea. gewee 


requirements are briefly discussed in the main report. 


In Norway training and certification is mandatory for the sub sea 


engineer, responsible for the sub sea BOP. 


Conclusions on Key Drilling Crew Training 


General: 


l. Most.countries require well control training, at leastwier 


key personnel. 


Ze Apart from what is done in Norway there are few 
comprehensive requirements Lor training of dri Liring 


personnel inwtheir  noucine work skills. 
Canadian needs: 


lie Adequate well ‘control (training 1s necessary for, all key 
offshore drilling personnel. It should include instruction 
on, thessub sea BOP... unless inv vthescase ofa. jack=uo, Cites 


not used. 


Die Sub sea engineers need to be well trained in the use and 


maintenance of the sub sea BOP. 


3. There ~are ~adedquate fLactlities, (for wdrilling ys training in 
Canada, but there is a need for consultation between 
Government, industry and the educational sector to make the 


best use of them, for specialist offshore training. 


4. Reciprocal acceptance of Canadian well control certification 
with that of other countries should be sought. Die Cort.ne 
nomadic nature of the industry it is a great advantage if 
drilling personnel can operate in other countries without 


re-certification. 


5- MARINE SUPPORT 


Without marine support, the offshore industry could not function. 
Offshore support vessels have been developed which are large, 
powerful and equipped with sophisticated control or even dynamic 


positioning systems. 


Support vessels perform a number of roles: they supply the MODUs, 
carry diving support systems, are used for handling MODU anchors 
and for diverting approaching icebergs away from MODUs. In some 
offshore areas there are also dedicated standby vessels, ready to 


rescue persons who fall into the sea from MODUs. 


The normal maritime training of officers and seamen, while 
adequate for general aspects of marine duties, does not cover the 
specialized aspects of marine support. Any additional training 
needs to be specific to the particular support task, and must be 
realistic using the actual (or similar) equipment on the support 


vessel. 


Much of the training need not be regulated if acceptable guide- 
lines can be developed, are followed and can be monitored. All 
training .should be, designed to bring .<confidence €6 the trainee 
and this can be achieved if training is practical and taugiuaa 


the type of equipment in actual use. 


Safety training is rarely tested in practice and regular dpe 


and., refresher .training,.are.needed .so0 it is not ~forgotreq. 


The crews of standby/rescue vessels, in addition to their normal 
seamen's skills, need specialist knowledge. In particular @tne 
crews of fast rescue boats need regular training and practice, 
but all crew members must be trained to recover and launch the 
fast rescue boats, to recover survivors from the water, and give 
initial treatment for hypothermia and drowning. There should be 
tTexipiLvity: permitting a wide range of interchangeability 


Conclusions on Marine Support Training: 


La 


Masters and Mates of support vessels, in addition to their 
marine certification and experience, need training in some 
Ongall iofgptne, «Eollowing #topics;,..depending >» onget hex gtype “of 


vessel on which they are employed: 


characteristics of conatruction,.stability, séakeeping, 
ballastine “and. scargo. carrying arrangements: “of (the 


specialized vessel; 


Ship handling and holding station by means of twin 


propellors, twin independent rudders and thrusters; 


standby and rescue including deployment of fast rescue 
craft, and recovery of survivors from lifeboats, rafts 


and the water; 

offshore cargo transfer, anchor handling; 
iceberg towing; 

diving support; 

dynamic positioning; 


MODU disasters, including blow-outs and maritime 


accidents. 


All crew members regularly employed on support vessels 
should have the same level of training in basic safety and 
survival as MODU crews, including training on specialized 


life saving appliances not covered by MED II. 


Deck hands who engage in, “certain hazardous offshore 
activities such ad anchor -hangling,. Cargoe trans cer ame 
iceberg towing should have specialist training and work 


under supervision until fully experienced. 


10. 


AS ae 


Drills for seamen are essential for monitoring emergency 


skills. Changing scenarios are also essential. 


Training for engineers is fairly satisfactory (in) Cermegeas 
quality of content. The major problem “in Canadamers 


insufficient candidates for the senior levels. 


Two possible areas for improvement in the content of 
engineers' training are: to keep training up to date with 
state-of-the-art technologies, and to offer specialist 


training in new technologies, as optional subjects. 


For electronic technicians, the formal training available is 
satisfactory. The main requirement is for employers to hire 
competent persons and “ensure they are trained for the 


specific equipment they will use. 


Diving supervisors need prior knowledge of divers and 
diving, .but..ttraining on the: specifics of vessels. and "thew: 


equipment is best acquired on the job. 


The role of the standby vessel has not been sufficiently 
defined for the necessary duties to be fully understood. 
The, 213 6 Sof supply or anchor handling vessels in Jie 
secondary standby/rescue role means that, to provide an 
effective service, many more persons must be trained than if 


dedicated vessels are used. 


The training of deck hands of vessels during standby/rescue 
duties off Eastern Canada is inadequate in the use of the 
specialized equipment, new techniques and handling large 


numbers of casualties. 


A pre-requisite for standby/rescue vessel crews should be 
considerable seafaring experience, preferably on vessels of 


equivalent size. 


2. 


to 


A course needs to be developed which gives the crew a 


thorough grounding in standby/rescue duties. 


On, tne st joyp practice: 15, essential, pDarticulably Where tage 
rescue boats are employed, so that the crew can operate to 
Lhe Linlts Oo thea Cract. it. bed Weathers. A stable crew 
membership greatly enhances the Sefectiveness** of this 


practice, by developing teamwork. 


6. AIRCRAFT SUPPORT 


Air support for offshore operations off Bastertn ) Canadas 
exclusively by twin-engined helicopters, fully equipped j and 
crewed for instrument flying. Government. control’ of flying eere 
extremely reine With respect to equipment, personnel and 


operations. 


Local offshore helicopters are equipped to carry hoists, which 
together with rescue futvwent are held ready onshore, but no 
rescue specialists are employed. In other offshore areas, such 
as the North Sea, government search and rescue services are more 
developed than in Eastern Canada. However in the North sea sector 
several operators themselves maintain quite extensive search and 
rescue capabilities in multi-platform fields or remote areas. 
Eastern Canada is not yet at the stage of oil field development 
where this is feasible. Government/military capabilities are not 
the subject of "this” report, but Canadian commercial helicopter. 
could, ‘atleast ‘under “daylight visual” flight rule conditiones 


mount SAR operations, given the proper training of the crew. 


Escape from a helicopter down in the sea (helicopter under water 
escape training ‘or HUET), in-flight cabin fire £igheinge and eee 
aid, all need to be considered for flight crew training, and HUET 


at least for passengers too. 


Conclusions on Aircrart Support 


General: 


La Regulations for aircrew training are strict and basic flying 
training” for helicopter) crewa, coupled with operating 


company requirements for experience are adequate. 


pe Canadian SAR services are not adequate for the vast offshore 
area and have to be supplemented by operating companies’ 
helicopters, which are less well equipped for rescue and do 


not have specially trained crews. 


3. Local offshore helicopters are equipped to carry hoists, 
which together with other rescue equipment are held ready 


onshore. 


Canadian needs: 


es All round emergency training should be considered for the 


crew, especially HUET and inflight cabin fire fighting. No 
facilities yet exist for HUET. 


a Survival and. first “sid training. for crew members.) woud 
enable them to deal with emergencies, while awaiting 


assistance. 


3% At present’ num formal, trainings “courses ~in’) rescue, vexist. 
although some companies provide their own capabilities. 
Consideration needs to be given to the provision of SARTECH 
Ena Uninsee ot Civ tan personnel, if the military SAR 
capability cannot be developed. 
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7. GENERAL CONCLUSIONS 


In this report conclusions have been drawn on training in various 
aspects of offshore  actay ity. In, addition -to, the, conclustoue 
specific, to MODUs, and their marine) and aircraft support, there 
are some factors which affect all offshore, training). inweere 


Eastern Canadian region. These are set out below: 


l. Environmental conditions off Eastern Canada are bad, with 
rough weather, fog and the possibility of icebergs and pack 


ice. 


2. The area of operation can be far offshore and isolated from 


centres of population. 


3.6 Training is needed for aspects of safety, rescue and general 
operation. This needs to take into account the specifics of 


the harsh and isolated region. 


4. Canada has, ,a.,history woof, marine training .vand J land] pagea 
driiiineg Eratoring. with important and reputable 
establishments. Some of these have developed training for 


offshore or MODU operations. 


bre A representative national (or at least an East Coast) forum, 
enabling operators, contractors and training establishments 
to discuss and establish training standards with national 
and provincial Governments would help ensure that the train- 
ing met with general acceptance with respect to standards 


and economy. 


6. Good training is) expensive..-. full size equipment Jeane 
elaborate simulators are needed for some aspects of offshore 
training. A means for funding further developments needs to 
be established. At the same time it must be born in mind 
that expenditure on training can increase to “any amoune 


available, and suitable controls need to be established. 


Government recognition of courses and qualifications, with 
proper monitoring, helps to ensure high standards and wide 


acceptability. 


Regulations or other Government legislation may be needed 


to achieve some of the necessary results. 


Regular drills are needed to keep the training fresh in the 


minds of all personnel. 
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EXECUTIVE SUMMARY 


The primary objectives of the study were to carry out 
a task and skill analysis of agencies regulating the safety 
of Eastern Canada offshore drilling. The agencies included 
in the study are Canada Oil and Gas Lands Administration, 
‘ Canadian Coast Guard, Newfoundland and Labrador Petroleum 
Directorate and Nova Scotia Department of Mines and Energy 


(Petroleum Resource Division). 


The analysis addresses both managerial and technical 
skills in each agency. In the first instance, the required 
skills are identified, then the existing skills are examined 


in light of the requirements. 


Management skills are addressed from the perspective 
of Senior Management Group, Middle Management, and Inspection 
Group. Technical skills are examined from the perspective of 


particular functional requirements. 


- The conclusions arising out of the study are mainly 
centered around the need, within agencies for more experience 
in and knowledge of the offshore industry which they 
regulate. The most important recommendations made by the 


study team are cited here. 


That COGLA recognize the importance of offshore 
petroleum industry knowledge as a prerequisite for decision 
making at ‘the ‘Senior Management level, that they encourage 
senior management personnel to augment the existing quota of 
expertise with input from technically knowledgeable peers and 
subordinates, and that they encourage senior personnel to 
increase their own exposure in this area whenever possible, 
varticularly with regard to new petroleum-related 


technologies. 


That COGLA place greater emphasis on industry- 
related and technical expertise when choosing and training 


personnel for inspections positions. 


That CCG encourage its Senior Management to recognize 
the difficulties inherent in the transfer of operations from 
a marine focus to a combined marine and petroleum - 
development focus, and that they continue to strive for a 
balance between the requirements of the two sectors by 
increasing their expertise in the new area and promoting 


co-operation among the various factions involved. 


That NLPD recognize the importance of some form of 
petroleum industry experience or apprenticeship as a 
supplement to government or managerial expertise in decision- 
making at senior levels, and that they continue their efforts 


to provide this mix within their ranks. 


OCCUPATIONAL HEALTH STUDY 
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MEMORIAL UNIVERSITY OF NEWFOUNDLAND 


- House 
- Manson 
Martin 
eee aia 


Hat YS 
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February, 1984 


EXECUTIVE SUMMARY 


Chapter l 
INTRODUCTION 


ibe -MEDICOR team. WwiOuprepared this report .<Ob Enel rs sthucd yy) or 
health and health care of offshore workers in Eastern Canada, was 
composed of individuals who collectively could Dring to beara 
broad range of medical expertise, experience and interest. In 
dealing with some issues, general medical principles could be 
applied, but in others, wider approaches had to be taken. In such 
instances, consultations were undertaken with experts in industry 
OF in government 10..Canada and in countries where oOrrtenore 
Operations had been undertaken for longer periods. 


"Offshore Medicine” is an emerging area of specialization, but it 
Mas not yet developed ya, pouy. Of FIgorous ly ‘tested sci entrirc 
information from which principles can be drawn. The available 
DacKrground Jiterature “1s largely. in the’ form orvad’ noc accounts of 
experience, much of which is unpublished. 


The method used by the team in preparing the report was largely 
consultative. Some data were gatnered, but the main emphasis was 
on collecting information from government agencies, industry, 
educational institutes and, from groups and individuals in Canada 
and in the United Kingdom, United States of America and Norway. 
This information was discussed by the team and its relevance to 
the conditions affecting Canadian East Coast petroleum operations 
was assessed. The data base includes minutes of these discussions, 
specially commissioned reports from consultants and resource 
experts and accounts of meetings and visits. 


The report was organized to follow the sequence of events starting 
with a worker seeking employment. Certain. urisdierionat, = Logad 
and administrative matters are considered as background at this 
stage. Before he proceeds offshore the worker is given a 
pre-employment assessment and undergoes training, including First 
te en i) 6 The potential hazards, accidents and illnesses 


a a a a a es a as a a a ee a es ws es ee ee wee ee = = es 


The chapter headings used in the Executive Summary correspond with 
those used in the main report. 


The Conclusions and Suggestions outlined in the Executive Summary 
are Of*a general nature, “lor specific detalttled intormation ene 
reader should refer to the main report. 


which can arise in the offshore workplace are then discussed with 
emphasis on the preventive health and safety aspects. The health 
resources on the rig are reviewed, including personnel, supplies, 
space, equipment, and medications. It 1s reeognized that ieee. 
instances consultation with a shore-based phySiclane wae 
required, and the need may arise for the physician to vis veg 
offshore installation. The supplies required for sucha Vreieaee 
the need for backup medical coverage are discussed. The 
Significance of communication and transport is OU bene 
Land-based services may be sought either by utilizing the services 
of a Medical Emergency Response Team, or by evacuation to and 
reception at a. shore-based medical facility. : 


The relevance of support services, such as support vessels and 
standby vessels, and the unique problems of diving, hypothermia 
and exposure are considered. The worker who has been evacuated for 
medical. reasons may return to the Job or ‘require Sioa. 
long-term rehabilitation. Throughout the report the relationships 
between the various agencies responsible for aspects of offshore 
health are discussed and a method of maintaining and reviewing an 
overall emergency plan is proposed. 


Chapter 2 


JURISDICTIONAL, REGULATORY, LEGAL, & ADMINISTRATIVE 
CONSIDERATIONS 


A brief review of regulatory structures in other Gouge 
indicates that in Norway the regulatory agency for fixed pilagiagme 
differs from that’ for mobile offshore drilling units (M@piaae 
While health and safety matters in the offshore are dealt with by 
a number of different departments and directorates, registration 
of health professionals 1s' straightforward. There Ys "ae 
detailed regulatory system but confusion and misunderstanding can 
still arise in the compliance expected of operators. Notwequag 
regulations specify the right (to inspect installations) wie. 
notice. This régquirement is likely to léad t0 eft 
enforcement. 


In the United Kingdom, responsibility for health, Sate uvereuee 
welfare has been delegated to the industry. Government implements 
guidelines rather than detailed regulations, and inspect voneor 
rigs and installations is arranged at times convenienGe eee 
company. There 1S no requirement to register health protesa uaa. 
working offshore and education, training, and determination of 
qualifications is the responsibility of the industry. The industry 
has responded by instituting an active association, Unitea =) emaeem 
Offshore Operators Association (UKOOA), which has developed 
standards for health and safety. These standards exceead sume ce 
suggested by government. The strength of the United Mangan 
position lies in the use of the “single Window = (0eparemcure ee 


Energy) with prime regulatory responsibilities. The Health and 
Safety Executive has played a significant role in developing 
occupational’ Teanwth: and*'satrety "regulations “The "consultative 
pb Ge sisiap pieiars it Oirave “resulted” inimutuakl “acceptance, of 
guidelines. 


In Canada, regulatory requirements exist at Federal and Provincial 
levels. Enforcement of regulations dealing with health and safety 
is hindered by the fact that many of the vessels in the offshore 
Operation are foreign registered and standards of health care, 
training of personnel, equipment, and supplies are based on the- 
regulations Gof’ tnevcointry of *regYstrat ron, whrle tedislation 
would be required at both Federal and Provincial government levels 
LO entLorce, standards,» compliance ‘could ibe effected -vundver itue 
present licensing system, ‘in which the operating company, its 
contractors” and subcontractors would ‘be™required to assume full 
responsibility to meet standards of health and safety. 


Licensing of ali MODUS to a minimum Canadian standard would vastly 
improve contingency planning and facilitate health care. 


The emergence of the Canada Oil and Gas Lands Administration 
(COGLA) as the primary Federal regulatory agency could have the 
advantaAgevotup rovilding ea SM *orngleswinrdow "es provided that 
ambiguities and overlapping responsibilities with other Federal 
agencies were resolved. COGLA has initiated consultations at the 
provincial level, particularly with departments of health. 


In Newfoundland, health and safety matters, in general, fall under 
thea ejpurnisaictaone%of thes Department “ofshéalth,) the: Department ‘of 
Labour, and the Workers' Compensation Board. The Newfoundland and 
babrador “rPetroteum*Drrectorate (NLPD has "responsibility, for 
offshore health and safety and should operate in consultation with 
these other agencies. 


In Nova Scotia, control and regulation is vested in the Federal 
Government, while the Workers’ Compensation Board, on behalf of 
Government, conducts health and safety inspections and accident 
prevention training for the offshore and) for other industries. 


Although registration and licensing of health professionals 1s an 
accepted (practice) this! form’ ofY enforcement! is’ hindered by. the 
present: limited jJUrisdiclioM octenore, ely sverans and nursed ware 
licensed at the provincial level, but non-Registered Nurse (RN) 
medics (TQ6B) are not recognized. 


Physicians and nurses’ working offshore are not covered by. the 
Marpractice insurance policyves of their respective professional 
organizations. They have had to obtain malpractice coverage 
through private plans because, in attending a patient on a foreign 
registered wnstallation, ‘they “are lat riskof "suit, for malpractice 
under the laws of the flag country. 


In the Canadian oil: industry, the sexecutive management ano ltegaasr 
physicians have been limited in comparison to their counterparts 
in, Norway and. the,U,..K., On #time) rag et hemmeidigcy gue 
administratively responsible to the manager, may be clinically 
responsible to doctors from different companies. Cleariguider ais 
establishing the roles of the physician within che companion 
the relationships between medics and physicians are required with 
the operators, medical director having, finale responsibilty em 
alls health care, offtshone. 


There has been relatively little communication between physicians 
in .government,.and.~uadus.try,(bubhasqmone expentise linsefisiore 
medicine is developed and identified, this deficiency is being 
corrected. 


CONCLUSIONS 


(A) At present, offshore health and safety jurisdictional and 
legal matters are more complex in Canada than in the 
Die Siege Unktel) sO) aNOWW avn. 


(B) To achieve uniformity of health care and unambiguous 
regulatory structures, Federal and Provincial government 
agencies must develop coordinated approaches. 


(C), By, enacting, legruslation, Canadian ,and)) provincia leew. 
could, apply to the, offshore, sand ‘adequate rmtandard saa. 
health and safety could be ensured. 


(D), Physa@erans -ins Indust my Shoudd bes qiven! qreatem 
responsibility in health and safety. 


(CE). Standards, of pr ac:t.i.cjie}) anddiat ralinniingoro £iepieraee 
professionals cannot be- enforced because of the present 
licensing, arrangements,,and the lack of recognition wom 
gualifiteations, of ,the,non-RN medicr4TO6B)4 The yiieaieee 
Canadian malpractice insurance does not cover practice 
offshore. 


(F) The executive management role of physicians ieee 
indusjtry «has, not.been recognized. Offshore! palate 
requires clearly established responsibilities for the 
medic and physician. 


(G) Government departments and agencies should have active 
advisory groups so that consulting expertise can be built 
ae) 


(H) To facilitate contingency planning and health care, MODUs 
Operating» on the Canadian East: Coast: shoulde bei wl rceneed 
to a common minimum Canadian standard. 


SUGGESTIONS 


Cl) Slot reducesthe conplexity ®ande Overlaosr rom mu iro te 
regulatory agencies the concept of the 'single window' 
should be stressed. COGLA at the Federal level and NLPD 
ath we PP LOVIN cham ieve Lo shoulds Gonsu lO. Woda ,Or der 
involved agencies to reduce ambiguities and develop 
coordinated approaches. 


(2) Until the necessary legislation is enacted, the licensing 
process “can "be used to establish compliance with, health 
and safety standards by requiring the licensed operator 
CoO™comply “withthe regulatrons for all workers. 


(3) Licensing and certification for offshore health personnel 

( | should be rationalized. A method should be devised o€ 

|| Grarclrng, recoonlLteron, CoO! thevdualvricabh Tons vot, Monon 

i] wmedresii(TOGS) SandPinespossa bility should bee xplored on 

[| exten@ing! (professional organizations imailpraceice 
insurance to the offshore. 


1 (4) The operator's medical director should be responsible for 

the, healthwand safety of vall workers on, the WODU, 
Pincio dang elp ko yie e's. -oar+al DW oont rae owes "a ed 
SUDCONErTAGEOLS « 


(5) Clear guidelines° should be developed to cover the role of 
the medic and physician in dealing with medical problems 
onernstallvatrons.< 


(6) Greater expertise in offshore medicine should be 
developed within government to provide a source of advice 
and consultation. 


(7) All MODUs should be licensed to a common minimum Canadian 
standard. 


Coao ter ss 
PRE-EMPLOYMENT MEDICAL ASSESSMENT 


Because of the nature of the workplace, every employee in the 
offshore Swill have: ‘to be vETt YtCo* perform "sattrspactorr ly, "bot hon 
the job fand “in °an* emergency without ori sks 't of Himsel frormto tis 
colleagues. 


Compared to other countries, pre-employment medical examinations 
in Canada are not standardized. The examining physician should 
have expertise in offshore medicine. The establishment of common 
guidelines would allow standards to be ‘applied’ across the 
industry,’ although it is accepted that clinical judgement must 


operate. The medical information iS sto ,besconside a eae 
confidential between the phySician and the worker unless the 
worker consents to its release. 


A list of contraindications for employment offshore is presented, 
based on standards published by the Medical Advisory Committee of 
UKOOA. Special requirements and assessments must.be undertaken for 
workérs in certain areas such as Caterers, divers, Or Relveopcer 
plots. 


It is suggested that, logically, medical examinations for fitness 
should be conducted prior to offshore training programS,ass meee 
some parts of these programs are significantly stressful. 


CONCLUSIONS 


(A) Pre-employment medical standards should be applied across 
the industry. 


(B) The regulatory agencies should be responsible for 
determining minimal acceptable pre-employment criteria 
for offshore workers. 


(C) Special examinations and assessments are required for 
workers in certain categories. 


SUGGESTIONS 
(1) A standard pre-employment assessment should be conducted 


on all offshore. personnel by a physician'with tralninomees 
this type of assessment. 


(2) Contraindications to employment..should be cleanlyaeas 
OU. 
Chapter 4 
GENERAL REVIEW OF THE OFFSHORE LABOUR FORCE AND WORK ENVIRONMENT 
A comparison of workers in Newfoundland and Labrador petroleum. 
operations, with the total Provincial male labour force shows jthac 
the offshore employee is more likely to be single or separated, 


and to have post secondary education. 


The total complement of a drill unit, is 80-90 .anqe cine 
Standby/supply vessel is approximately 17. 


The recognized requirements for the operational environment are 
discussed under the following headings: 


Nope | Ventilation, and Heating -, to, include) hitmemapeoa ce 
prevention of circulation of dust and odowrea- 


Ae ote t) 


Pleooing Ouaceersinntue vbendehncy EO assign One 1Or wuwa 
berth cabins; the need for regular changes of bed linen; 
toilet and shower facilities. 


DiChWoaver-oLarciscueseds In Chapter: wi. 


Corridors - well illuminated, with clear passage and smoke 
detectors, 


baund ey, (Raga PLes* = -Surfi cientztoripersonalk clothing and 
bed linen for the full complement. , r 
Recreational, Areas = Multipurpose areas for reading, 
talking, «studvitngnasand, which can,~be,ywused as a casualty 
Station in an emergency. 


Cater nomonG: baton Ome PUGrse mov m= LOnmvODEIOad BLOCd, 
prepared hygrenwealiw, sand@eaten, wun pleas ings quarters. 


Nutritional needs and personal choices to be recognized. 


ePericdrcPmont Goring Mand -inspectronVoL* supplies: and 


handling. 


Potable Water -,adequacy. Ofusuppl Ven regular mond toring of 
pH and testing for contamination; protection from extremes 
os temperature. 


Was bie @ Di sposalir. cleaning Wand, tons pec ts Oma Le piu 


_-_—_—e oe Ceo fe -- —- 


containers. 


Protective "Clothing = need for, adequate design, which will 
not hamper the employee at work, but will be wind- a 
water-resistant. 


The following hazards from the physical environment are discussed: 


Thermal Factors - greatest risk is exposure to cold, which 
may reduce efficiency, contribute to accidents, and lead 
to hypothermia (discussed in subsequent Chapter 7). 


Motion ysickness' tS sPdiscussed “ant Chapter’ 7. 


Noise, .VilDration.+ may Lead. to Lndustrial deatmessa. c- 
produce the, effects of nuisance noise. Noise may be a 
safety hazard when it prevents audible warning being given 
of danger. Recommended noise limits are quoted, and the 
need is stressed for employees to be informed of the risks 
of exposure to excessive noise. 


TULumMinrat vort=-? standards 4for {=n iumi nat ton siculdas pe 


maintained “for safety’ aS well as for operating conditions. 


Dust, ~,hogustrial dust maveaheus problem frorwemp Love as 
engaged in activities such as sandblasting. 


434% b Radiation - use of radioactive instruments is regulated 
and inspected by Atomic. Energy Control Regulations GF 
Canada. 


In addition, gases and other substances can be toxic: 


eS OS | Hydrogen Sulphide (HS) —- employees should be? traineauan 
the procedures to be adopted in the event of an escape of 
this potentially lethal gas. 


AV 2 Methane (Natural Gas) - a fire hazard. 


ee ee -C - 


produce” coma’, but’ lowersconcentrations, may "limos 
functioning to reduce efficiency and cause accidents. 


4.5.4 Drilling Muds -— dermatitis and €ye Wrretat on siiay eae 


a. 55 Hydrocarbons’ ~— ‘particularly the “Yong-term cancinogemee 
effects of exposure to crude petroleum. 


Given the nature of the environment and the pressures on the 
workers, it has been suggested that high rates of psychiatric 
disorders might be expected among offshore workers. However, 
evidence that this 1S so 1s lacking. 


Sources~of’ Stress ~ £rom interviews with offsnore worreuae 
concerns for family, drug and alcohol abuse,. travel by helicopeer, 
noise, limitation of personal Space, sleep problems, anxiety about 
job security were identified. A number of offsetting advantages 
were noted in subsection 4.6.2. 


Concerns about Family. It has been ‘observed that the intermpteewme 
husband need not be a major hazard to family unity. 


Psychiatric Disorders. Alcoholism, sleep disturbances, (Aries 
and depression, as well as major disorders have been reported. 


CONCLUSIONS 


(A) Attention must be focussed on a wide range of factors in 
the offshore working environment, especially in matters 
such as eating facilities, sleeping quarters, ana 
facilities for personal hygiene. 


(B) Recreation areas are required and may be used as casualty 
centers in the event of an emergency. 


(C) Workers must be educated on matters of health hHazaLras ana 
emergency procedures, 


(D) Reliable data is required on the adverse effects of a 
number of factors associated wrterm the. oo. sna 
environment. 


SUGGESTIONS 


({QEExpéere medicaleinpub e's “requinedrruin' determining the 
servicestand) lay-omtseotsfacilitiess on ant installation. 


(2) Regulations are required to determine standards of job 
satetywanduthel adequacy off Kivminge condi Gions anda 
monitoring system established to ensure adherence. 


(3i)) Researeh ont aviunbereofiprob lems rassocha tedyiwit eh 


acta p. tat Domiet >, tine sot tise reg work pla Gews hou d oF 
instituted. 


Chapter 5 


THE INCIDENCE OF ILLNESSES IN THE CANADIAN EAST Sols 
PETROLEUM OPERATIONS 


Be.ca lise #oret herma tures ot ithe’ iwi rk efhore ema nde ‘somelieir sh nga by 
pre-employment assessment, the number of cases of illness is 
likely to be low. 


It is expected that infections will arise. Dental disorders give 
rise to problems in the offshore. 


Analysis of a rig medic's log showed that illnesses were more 
frequent than accidents, but were less severe. The majority of 
illnesses were mild upper respiratory tract infections, headaches, 
and minor skin disorders. 


CONCLUSION 


(A) The types of illness encountered on the Canadian East 
Coast were similar to those reported elsewhere. 


SUGGESTION 


(1) A more detailed profile of the health of offshore workers 


is required and a properly designed system of data 
collectionshottid be) Aanstiruted? 


Chapter 6 
ACCIDENT ‘DATA COLLECTION 


PartolvGdiscusses’ the! limitations) of collecting dataton accidents. 
There are different criteria used in defining a minor accident and 
reporting tf ancidents* is: Unrebiables hon reli ap mat ot lin Heecid ent 
data can occur when a ‘safety-bonus' system operates. 
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While most accidents are neither serious nor fatal, soe 
difficult to determine cause. The relationship of accidents is 
discussed to type of facility, the phases of development, Sspecuaus 
operations, time relationships, weather conditions, and were 
environment. 


CONCLUSION 


Reliable accident; statistics are diftiuculve to collects oun 
they are required to provide a basis for safety education and 
accident prevention programs. 


SUGGESTION ee : | + 


Accepting the limitations of the methods, accident statistics 
should be collected to determine incidence and determine 
cause. 


Part II presents an analysis of ,accident rates on drilling unyte 
and standby vessels in the Newfoundland and Labrador offshore and 
compares the figures with those reported from operations in other 
parts of the world. On drill units minor accidents were twelve 
times more frequent than major accidents. Hand and wrist were most 
commonly injured as’a result “of “betng struck”. Major accidemed 
affected-roustabouts;, roughnecks, drillens ,.-.and seamen. 
standby/supply vessels, seamen and caterers had the most 
accidents. The most commonly reported nature of the accident was 
contuston theserfrindi nds vagcecrwi en Oulem meports. 


SUGGESTION 


Using more refined methods of analysis and inference, further 
data should be collected, as their analysis can contribute to 
an understanding of causes which can be applied in accident 
prevention “programs.. 


Chapter 7 
HEALTH CARE, RESOURCES: OFFSHORE 


A review is presented of sick bay facilities, equipment and 
supplies, and stretchers. Survival problems and medical supplies 
in, life boats? and Pirte rat ts™are fdivscussed. 


The size and services of the sick bay can be determined using U.K. 
standards. It should be docated’ so that there is access” te 7 
work area and the landing area, with an adjacent area to be used 
for triage. It should. be. provided with.sound insulation; storage, 
toilet, ventilation, and temperature control with secure medicine 
cupboards. Communication should be available to other parts of the 
installation and to shore bases. An ECG and defibrillator may be 


iat 


included if the medic is appropriately trained. The provision of 
X-ray machines is controversial; while they are very useful in 
many circumstances, they do have safety hazards and the 
interpretation of radiographs is not a simple matter. 


Although individual medics and physicians will have personal 
preferences, the medical equipment and supplies for the sick bay 
On the MODU should be standardized to aid contingency planning. 
Regulatory agencies should assume the responsibility for framing 
Minimum standards for medical equipment and supplies aboard any 
unit licensed to operate. In addition to medical supplies there 
should be adequate stocks of sheets, towels, etc. 


Le characte nmiistics fof AG He: stretchers. are discussed. First 
Aid training should include instruction on the use and limitations 
Ofbsathe stretchers avatlablen on the Aunit(Seevsectiion 71.5) 


The: major problems of survival iin life boats are hypothermia, 
thirst, motion sickness, exhaustion, and hunger. Morale has a 
Significant effect. Hazards must be recognized in abandoning an 
installation. Improved designs of survival suits are required. 


The current Canadian Coast.Guard requirements for medical supplies 
and equipment for life boats and life rafts are reviewed. The most 
obvious lack is a motion sickness prophylaxis. 

Personnel should be trained in survival techniques and a member of 
the Advanced First Aid team should be designated for each life 
boat. 


CONCLUSIONS 


(A) Medical input is required in determining the design, 
hawioubyeiand heqiipmenit? of 4 thea l the tacit peston 
installations and vessels. 


(B) Minimum standards for equipment should be devised and 
related to complement. 


(Cc) Current scales of provisions on bife boats appear to be 
satisfactory, but suggestions are offered for additions 
to the medical lists to be carried on life boats and life 
racts. 


(DD) DPhes curmentirgemerablonetof; sutvawalyasmits has design 
weaknesses. 


SUGGESTIONS 


(1) Regulatory agencies should specify minimum standards for 
medical equipment and supplies for use offshore. 
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(2) For an offshore installation, ten rescue stretcnerauand 
one’ Neil Robertson or Paraguard, and one Orthopaedac 
Scoop should be available. 


(3) Personnel should*® receive survival htrainiing Al) woreer. 
should have First Ald training and an Advanced Firstar 
worker should be assigned to each life boat. 


(4) Additions should be made to the medical kit’ required 
under present Canadian Coast Guard regulations and 
dosages of medications should be expressed in metric 
una ts-s cA 


(5) Further research and development is needed to improve the 
design of Survival Suits and achieve the best compromise 
between requirements for manoeuvrability, thermal 
protection, (buoyancy, and silotat ron characteristrcs. 


Chapter 8 


REVIEW OF | OFFSHORE? ‘HEALTH? (PERSONNEEV DUTIES, TOUADUEIGCA TM Ott. 
AND CONTINUING MEDICAL EDUCATION 


Thesorigq: medic may work! anntiewtot aiphysician Om as %an"excenaaen 
of the shore: ibasediccompany 7 docboran Phe dirtiest! range fea 
conductinig’ a routine sick peradeyto handling multiple» castuatoee. 
Under certain circumstances, a patient may have to be cared for 
over) aslongiperiod Dilmiemergenciesz;e the rigrmedi ceSnou eae 
supported bya competent team trained in Advanced FirseeAwd, 


A wide range of skills is required of thevmedic rangi nquaeeen 
carrying out publyrc health itnspections ‘to CGorng minor® Saree 
procedures. While the medic may be given other duties, these 
snoulid? not? conftiactn with medreal dbttes.. Because jae 
organizational structure mwrprthin the ‘company’ and its contragcuore 
conflicts of responsibility may arise. 


In Canada rig medics may be qualified nurses, ex-military medics, 
or emergency medical technicians. The emergency medical technician 
training vs sthe leastitappropriate for tthe Pole! of ‘the rig meq 
The »TOQO6B\*ex-mild tary!*mearc, ‘particularly ® with "sea sees 
experience, is qualified for rig medic duties but at present has 
no legal status as a health professional. 


All offshore health personnel including physicians and medics will 
require some training before taking up duties. Modular courses of 
training would accommodate individual backgrounds and experience. 


Continuing education courses should ‘be conducted at reg mee. 
intervals to ensure that infrequently used skills are updated. 
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CONCLUSIONS 


(A) Standards of health practice should be maintained by 
Snsariung app Lop riba tbe basic it ratininowandsicondy Going 
courses! an continuing education: 


(B) Education and training should be linked to the duties 
expected. 


(C) Basic First Aid training should be given to all’ workers 
and a team of Advanced First’ Aid workers should be 
available to assist the rig medic in emergencies. 


SUGGESTIONS. 


CHigypasicaverstwArd traininigsis"advoeated ttor tal limworkers.: 
the standards should be set by the regulatory agencies. 


(2) A team of Advanced First Aid workers should be formed to 
assist the rig medic, who should be responsible for their 
training. 


(3) A method of gaining recognition for the TQ6B ex-military 
medic should be established. 


(Ape tae oinig sand Continuing .education.coursces shoul joe 
conducted by appropriate educational institutions. 


Cnapre nes 
FIRST AID! 'TRAINING? FOR OFFSHORE WORKERS 


The previouscsugges tronsvotjpasvic Pirst*Aidtr ainine, for "ale 
workers and the formation of an Advanced First Aid team are 
elaborated by a discussion of the content of the courses. 


Basic First Aid training is advocated for all offshore workers and 
the present Marine Emergency Duties course should be modified to 
include topics of relevance to the offshore. As the conventional 
course may not be suitable, regulatory agencies should assume 
Besponsibility, Lor Approving ocourse¢e content wmons Gog woe 1 
examination procedures tandycertifyiing @the adeqwace. ton stne 
instruction. to be offered. An. outline off 4 Stattab hel Gourse foe 
training 1S presented in an appendix. 
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A member of the Advanced First Aid team could serve as an escort 
for a patient being evacuated, and the medic shoutderun Frese 
drills and) prowide’ instruction’ jito the teamoon topics) sac mas 
transpor tat ron of the’ patrent, Tesuecitaeron and (ile sus mama 
sick bay “equipment. A record for *drilis*snould dey maintained. 


CONCLUSIONS 


(A) First Aid courses \fors#al l* workers’ Snou ld) ire. 
instruction in safety-oriented First’ Aid, cardiopulmonary 
resuscitation, hypothermia, near-drowning, and hydrogen. 
sulphide poisoning. - 


(B) The basic course should be supplemented by refresher 
courses. 


(C) The Advanced>Farst “Aid®team> should’ consist Of suttrereue 
personnel to assist the medic and act as escorts when a 
patient is being, transporeed. 


SUGGESTIONS 


(1) The regulatory agency should certify’First Aid couraee 
specifically developed for offshore workers to include 
topics approprilate’to” the -of psnore setting. 


(2) Refresher courses should be held on a regular basis. 


(3) The: rig medic should? ber responsible’ for organre tiga 
Advanced First Aid team and should maintain its training 
by on-the-job training and regular drills. Aw adeqmass 
recordsoeof tdraidls Shouwkd) ber maintained, 


Chaptem a0 
STANDBY VESSELS 


In the Canadian East Coast operation supply vessels also serve as 
Standby vessels. 


The functions of the'se vessels are’ set out in regulations of the 
NLPD. Although there is controversy about ‘their ~dual ro Fe yasene 


implications ‘are discussed Here in the context of hea lhe. 
satety. 


The Hollobone, Hibbert and Associates Limited report on the “Use 
and Effectiveness of Standby Vessels (Rescue Ships) in offshore 
operations concluded that on balance, the advantages of Stananpy 
vessels outweigh their disadvantages. However, this balance should 
be reassessed sinv the 'context “ofthe Bast Coast opera ro ome 
expert study on their role an rescue 1s Tequired. 
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the distances: on™ the Canadian Bast Coast are’ greater thanvinm the 
North Sea and survival time is limited because of the low water 
temperature. This suggests a need for an immediately available 
standby vessel. 


The rescue roles of standby/supply vessels, hospital ships and 
helicopters are considered. Several issues are outlined which 
require further consideration before the uncertainty as to the 
purpose of the sStandby/supply vessels “on tthe "Bast Coast ts 
resolved... Hospital. ships ,are.not considered feasible .at the 
CUERGOERE Level, Of ObEShoOre. ac tI CY .«Ungermiceéreain COnNdueLons,: 
helicopter transfer or evacuation of casualties may not be 
possible. a 


The medical role of standby vessels is considered in the light of 
the, types Of Casualtres to Dev"expected. — siichvas) Guana. buchos 
near-drowning, or hypothermia. Their record in. rescues now 
CORV UIC LO Ga. 


A crew member should have sufficient training (at least to an 
Advanced First Aid level) to serve as medical attendant on the 
Standby vessel. There is a lack of consensus about the medical 
SuUpDD LLes. fo. be carried on, ai-standby vessel, “Dut auwo Wagon 
determinants can be identified: the nature and numbers of probable 
casualties and the training of the medical attendant. 


CONCLUSIONS 


(A) Supply vessels also function as standby vessels; they 
-have a role which has some medical aspects. 


(Botner record «in successful rescue 2s snob, convincing. 


(Coun addition slo. navingeRiest Ald training .omastine Crews a 
medical attendant should be designated. 


SUGGESTIONS 


(1) Crews of standby vessels should be trained in First Aid 
and one member should have sufficient further training to 
act as a medical attendant. 


(2). & Standard list of medical supplies and ecacriiur ree = oe 
standby vessels should be devised appropriate to their 
role and the training of their medical attendants. 


(3) Further investigations should bewundertiarten vor wens 
methods of rescue which can be used in standby vessels. 


(4), The questlonwor, thelr dual purnose™ ang the role or 
standby vessels in rescue shouldbe studied by a “group of 
experts. 
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Chapter ll 
COMMUNICATIONS AND TRANSPORTATION 


Requirements: for communication are set out under COGLAregutdations 
covering communication within the installation, to’and f£romvotiter 
vessels, and to ‘and from Vonshore bases; The sick’ Day Snow. ia 
capable of ‘communicating ‘wrth other’ parts of the insta tlatranmeure 
with shore bases. 


HF and VHF systems in current use have limitations. Newer systems. 
have been developed using new techniques. Telemedicine can Pere 
communication of medical data visually. 


Distances and transport times on the Canadian East CoastGm@are 
listed. The available services in Newfoundland and Labrador are 
reviewed. 


Although ..thene -are, weather, restrictions, transportatveness: 
helicopter is preferable to transportation by sea. Evacuatitmame 
patient by air requires’ an‘escort and Special planning” Ys’ requansed 
to accommodate support equipment. Disadvantages are the noise and 
vibration, cramped conditions, and therveffects of high Valtitudemen 
Serpe tl ce rrtae 


CONCLUSIONS 


(A) Because of the crucial importance of communications inva 
medical emergency, reliable systems must be devised and 
tested. 


(B) Satellite .téchnologyumay provide cost-ef f @ciiaae 
alternatives. 


(C) Newer communications technology will demand new skills 
from operators. 


(D) While transport by air 1S preferred {to transport bDyieee 
special planning..can: be regquined, for \transp Oompa 
Ualrenus. 


(E) The patient should be stabilized before being transported 
and an escort should be available. 


(F) Ambulance services are crucial and play a fundamental 
role "in Mediteal -evacviac Lol. 


SUGGESTIONS 


(1) Industry and the agencies should keep abreast of the new 
technology .in communications. 
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(2) Training of operators is required to ensure optimal use 
of communications systems. 


(3) Health personnel should become aware of the advantages 
aid. to nawbhackis, Oneyvani ous Lorms (Of rans portac.on 
especially in evacuating patients with life support 
systems. 


(4) Ambulance services should be upgraded to provide 
facilities for advanced life support. Attendants should 
be trained to acceptable standards and one-man ambulances 
should be avoided. 


(5) For emergency planning an inventory should be taken of 
vehicles suitable for ambulatory services available from 
other resources. 


Chapter 12 
DIVING 
The special problems of health and safety in diving are discussed. 


The Canadian Standards Association (CSA) and COGLA have recently 
produced a standard and regulations, respectively, which reflect 
modern diving practice. However, ina few areas there are 
inconsistencies between the standard and the regulations. The 
COGLA draft regulations do not address surface decompression 
diving and the training of life support technicians is addressed 
onmky briefly. 


Company contingency plans should cover the evacuation of divers in 
the event of abandonment of the MODU and indicate that rescue 
Operations can be undertaken from a diving bell trapped on the sea 
bottom. The procedures manual should specify the responsibilities 
and duties of all personnel and set forth the disciplinary policy 
of the company. 


Diving regulations may be enforced by government inspection or by 
contract, whereby the operating company is required to assume 
respons.LOLLatyegfOr) £n eiconskorms ty off atssatvingrmeesubpeoncractore. 
Both methods suffer from the drawback of the shortage of suitably 
qualified personnel to carry out enforcement. When being drafted, 
regulations should be set out so that they can be realistically 
applied in practice. 


Communications are required for diving operations and for safety 
purposes and are vital in an emergency. When treatment is being 
conducted in a compression chamber, It is*déesirable "that the 
person making the decisions be outside the chamber with clear 
communication. links of O.-the, pens on, son Sideyrecio nde ont ite 
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procedures. The diving statron should jalsowhave Girect re vpaaee 
communications to shore preferably using a satellite link. 


Diving accidents have occurred when diving was undertaken from 
dynamically positioned vessels. This mode of diving should be the 
subject of ongoing scrutiny. Research and development is required 
to extend the diver'’s survival time if, the isurface gas supply 
fails) particttanrly) in) deep? divinig. 


Treating a sick or injured diver can be a complex operation. Days 
may be required to bring a diver in saturation to the surface and- 
hours to compress an attendant to enter the chamber to render aid. 


All divers .should »be strained ato) arcmughSssitandard= of Firstfea, 
including training in the First Aid of diving emergencies. Neither 
the rig medic nor the diving superintendent can attend the patient 
in the chamber so diving teams should include divers who have been 
trained as diver/medical technicians to render immediate medical 
care. 


In an offshore diving accyvGdent the priorities are to recovers 
diver into the onsite recompressron” chamber” then to Yrpeeeee 
treatment using immediately available resources and personnel, 
with consultation of a medical expert onshore. In some instances, 
the diving specialist physician may travel offshore, possibly with 
members of the Medical Emergency Response Team, taking necessery 
monitoring supplies and other equipment. 


Lf, ctranstferrofe thes diver=patvent’tova shnore—“based "facl) 2 re 
contemplatedwys tre cpat rent Shotld’ first be stabilized aie 
offshore chamber and a rescue system Involving ‘a “"Cly awe 
chamber ‘couFd be utrlized: 


Evacuating an installation because of weather or danger of iceberg 
collision presents problems for divers in Saturation. The methods 
available include transfer to a support vessel, using a ‘fly-away' 
hyperbaric chamber or the hyperbaric life boat. Technical problems 
of using these systems individually or 1: combination have to be 
solved. 


A Study 1S being undertaken on the provision of an onshore medical 
hyperbaric facility at’ thefHealth Sciences Centre ineSt. Gann 
Some specifications have been developed, but other features of 
size and design have still to be established. 


In Halifax, a hyperbaric’ facility «Ps being “ins taltedeque 1] 
Victoria General Hospital, and plans for a new diving Schoo ta. 
include a saturation ‘diving*® facility which could pe UWseqeen 
medical purposes in an emergency. 


Special ‘training in hyperbaric medicine is! advocated tor a1ver 
medical technicians, life support technicians, diving supervisors, 
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medics and physicians. Because diver medical technicians are not 
recognized in Canada, they cannot perform medical procedures on 
patients during their training. Training models and anaesthetized 
anima lsh could “belsused sand cecognitwon coud dba: orantedy 1f the 
training were given under the Canadian Medical Association's (CMA) 
Emergency Medical Attendant program. 


Diving supervisors should be familiar with the concepts of diving 
medicine and physiology in addition to their knowledge of 
operatronal diving procedures. 


Physicians should, bé ispectally. trained: in sthes conduct of medical 
examinations for fitness to dive and some should be trained as 
Specialtists in diving medicine.’ Such courses are most readily 
available outside Canada. Refresher courses could be held for 
Specialists already trained. 


Training yofadd vers jiican betachreved atiischoolssifdonyvcommercial 
diving, but diving in the offshore oil operations requires further 
experience. The current shortage of experienced divers to act as 
Supervisors will be overcome as more Canadians become skilled and 
knowledgeable. 


Training requirements can be met in the planned diver training 
scivoo Laan (NoVaMScoOtita hii oh, standard stiob tine vnim¢ can be 
maintained by adherence to the COGLA diving regulations. . 


Research needs are identified in diving medicine and physiology in 
the development of improved "bail-out" gas supply systems for deep 
diving, the physiology and pathophysiology of decompression 
Sickness,-thermal protection and oxygen toxicity. 


CONCLUSIONS 


(A) Current diving regulations in Canada compare favourably 
with those of other countries, but some inconsistencies 
between CSA standards and COGLA regulations are noted. 
Tratning, of life; support techn iclansias. only Driertiy 
covered by the COGLA Diving Regulations. 


(B) Procedures which involve diving hazards are diving froma 
dynamically positioned vessel, deep diving without a 
closed sbe Diwand. “SCUBA. -T hese “anes comercd bY tie 
regulations. 


(C) Contingency plans prepared by diving companies should be 
scrutinized by regulatory agencies. 


(D) sCommunicat bon Ywechintitg We's' sare “essert ial“ tor drying 
Operations and are crucial in emergency situations. 


(E) The diving team should be capable of rendering immediate 
First Aid and emergency medical technicians should be 
available to undertake treatment in compression chambers. 
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(F) Generally only conservative, treatment shou iaauae 
undertaken offshore for trauma “and “intercurrent, 1 liness: 
However, complex procedures may have to be carried out by 
specialist ‘physictans. 

(G) Transfer under pressure of divers presents difficulties 
which are not fully resolved; vin\ particular smodeseso 
evacuation, of a threatened” Giving” sy Sstenwreemaws 
controversial. 

(H) Planning is being undertaken for a hyperbaric facility in 
Stic, tohn ts wAdeguaibe "facil btiie's lane. .da Lie a0 eaccmeeae 
advanced planning stage in Halifax. 

(I) Training in diving medicine and safety should be provided 
for a wide range. of personnel. 

(J) Research programs are required in a number of areas in 
diving medicine. 

SUGGESTIONS 

(1) The training needs of life support technicians should be 
addmessed wider the Canada Onl “and. G ais, ibe 
Administratton Diving: Regulations. 

(2} Diving companies and regulatory agencies should be aware 
of sdadvanices! In -commuUunications for use in )O tee 
operations. 

(3), Training needs’ “tor = diving personnel should) De umes 
training programs and some’ status should be, souginuias 
diver/femergency medical technicians. Refresher courses 
should also be organized. 

(4) Special training 1s necessary for physic ia nisms 
undertake examination for fitness to dive and for those 
who’will act or specialize in diving medicine. 

(5) An onshore hyperbaric facility should be provided uaa 
S%. sSaJ ORAS 5. 

(6) Research in a number of areas of diving medicine should 


be encouraged. 
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Cnapter 13 


ONSHORE MEDICAL RESOURCES IN NEWFOUNDLAND AND LABRADOR 
AND NOVA SCOTIA 


The land-based medical resources include the company physicians, 
the Medical Emergency Response Team and the primary, secondary, 
and tertiary medical facilities in Newfoundland and Labrador. 


Physicians provide services under contract to companies either 
individually or in groups. The company physician decides on the. 
method of handling an emergency and the type of assistance 
required. ; 


A Medical Emergency Response Team is currently available on an ad 
hoc) basis Crom tre General Hospital "at St.*dJohnn s. Arrangements 
are being made to institute this on a formal basis. 


A protocol for activation of this team has been developed. 


Titer *r eisourc esi OfF thes hosp rtalisy tinvst Johns: are adistedt wi tn 
respect to their general and specialist facilities, their disaster 
plans, proximity to helicopter landing sites. Ambulance services, 
discussed previously in Chapter 11 could be improved by the use of 
a modular vehicle with life support equipment and by ensuring an 
adequate level of training for all ambulance drivers. 


The hyperbaric facility located at the Marine Sciences Research 
Laboratory at Logy Bay is inadequate for medical purposes. 


The pattern of medical evacuation from the offshore MODUs is 
described. 


This pattern’ ts" extended) Cormvrew ther prown nee. by regi onsandad 
listing is supplied of the hospital services and facilities in 
each of these regions. 


Theraviadlabletimedicals faci brttescand services in Halitax are 
described. A formally organized Medical Emergency Response Team 
has not yet been established. 


As tin’ Sti slohni’ si, "physicians! providelMservices under icontyace to 
companies either individually or in groups. 


The resources of the hospitals in Halifax are listed with respect 
to their general facilities and their disaster plans. 


Tisavialliabinla byidofiivard oust ispecrabty resources in Halifax 
hospitals are outlined. Hyperbaric facilities are identified. 


Ambulance “service: ini'the Halifax/Darbmouth careay isy prev idedmbpy 
private enterprise and through the Victoria General Hospital. ~ 


oo 


With the development of offshore operations, (a, formar. 
procedure for air evacuation Will have to be established. 


The helicopter landing sitesvin the Halifax. area are i1dentirtved 


Tages The hospital and. medical ‘services in Antigonish and’ Sydneyearee 
reviewed. 
ge od BF Public health physicians should be involved at various levels of 
offshore operations. Some public health physicians should be 
trained in offshore medicine and health. 
CONCLUSIONS 
(A) The basic data for emergency evacuation from offshore to 
onshore facilities has been collected. 
(B) Individual hospitals have disaster plans. 
(C) The Medical Emergency Response Team has been set up on an 
ad, hocebasiss: in “SE. adonn.cs 
(D) The provision of modular units and improved training of 
ambulance drivers are recognized aS important advances. 
(E) A formally organized Medical Emergency Response Team has 
not been established in Nova Scotia. 
(F) Avformal}lized uprocedure. £65 sai. 2 Vaciiat1.On oY One 
Venture field has not yet. beén developed. 
SUGGESTIONS 
(1) All communities should have an integrated disaster plan. 
(2) The St. John*s Inter-Hospital Disaster Committee tshouma 
complete a coordinated Hospital Disaster Plan. 
y/ (3) The General Hospital, Health Sciences Centre, should be 
Soe designated as the Medical.Control Base for pre-hospieas 
Ma) NU . 
0 ; emergency medical response to the Newfoundland and 
y Labrador offshore. 
at a AS 
es (4) There should be a formal categorization of the emergency 
or my capabilitwessyof thes three Ste, John 7 sashes aeaeee 
Ne specifying the number and type of..patients,each shoud 
IN receive ina disaster situation. 


14.1 


eA’, 2 


14.3 


14.4 


14.5 


14.6 


14.7 
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CO) PA Simi bar Categorization shoul de’ De mate fot stare 
Strategically located medical facilities in Goose Bay, 
St. Anthony, Gander, Corner Brook, Stephenville, and 
Burin. 


(6) The development should be considered of an integrated 
medical communications network connecting the designated 
centres and accessible to all agencies involved in 
disaster management. 


(7) Formal designation of a medical emergency response team 
to respond to offshore and onshore emergencies should be 

‘' considered. A formal procedure for air evacuations should 
be established for the Venture field. 


Chapter 14 
MEDICAL EMERGENCY CONTINGENCY PLANNING 


When an emergency occurs, there must be a contingency plan in 
place to ensure that the patient is provided with the best care at 
every stage of management, from immediate First Aid to eventual 
treatment in a land-based facility such as an intensive care unit. 


COGLA and NLPD require all companies to have a contingency plan. 


The contingency plan may cover emergencies which can be dealt with 
by “the ‘company alone or by using resources external to the 
company. These plans generally do not delineate clearly the lines 
of responsibility and relationships between rig medics, physicians 
and administrators. 


The regulations by COGLA and NLPD covering contingency plans are 
reviewed briefly. NLPD assumes the coordinating role in an 
emergency, but clarification of the relationships with other 
agencies is needed. COGLA delegates the responsibility for 
emergency health care to the provincial agencies. 


The Federal agencies involved are the Canadian Coast Guard and the 
Department of National Defence, Search and Rescue organization. At 
the Provincial level, the agencies are the Emergency Measures 
organization, the Departments of Health, Labour and Manpower, and 
Workers' Compensation Board. 


COGLA regulations indicate that the contingency plan submitted by 
ancompany..muis tiimesh with \th ep vaneWot contra ob ars ecm 
Subcontractors sand should outlanetihe mesponstbibitiesmore cou 
personnel onshore and offshore. - 


Contingency plans submitted by three oil companies are reviewed 
and some deficiencies are noted. Active involvement of health and 
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safety professionals from industry and other agencies wilt he reer: 
ensure the development of contingency plans that are reasonable, 
practical and acceptable to industry, as well as to the reguiaraas 
agencies. 


As a result of meetings between representatives of the various 
agencies involved in offshore emergency health services, consensus 
was reached about the general procedures to be followed. Some 
uncertainties exist about the roles of certain agencies. To reduce 
these uncertainties and to provide continuity, a standing liaison 
committee is proposed with a range of functions from reviewing. 
collectively the emergency response .capablility Oimesen 
Organization to facilitating disaster exercises. 


CONCLUSIONS 


(A) The regulatory agencies have developed standards for the 
contingency plans submitted by companies, which require 
that the roles of key personnel be defined. 


(B) Health and safety professionals from industry and other 
agencies should be involved in the development of medical 
emergency contingency plans. 


(C) The operator can cope with the majority of problems wWsang 
hills own resources, but! on oOGeasiion wih), requaaa. 
assistance from other sources. 


(D) Some advances have occurred ih the) .,coordinat Tones 
Various, agencies, but there) is stu uncertannty sme 
potential for .confus.on -and pms interpnetatuon. 


SUGGESTIONS 


(1) The operating company 's»medical. director shou lawae 
responsible for medical emergency services for all rig 
workers. The responsibility may be delegated, but not to 
more than one, physician, (with back-up, .caverage )au.0. 
ultimate responsibility must rest with the medical 
dt re cor. 


(2) A standing liaison committee on emergency contingency 
services,.composed, of .representatiives of the mage 
agencies would facilitate the development of a plan 
acceptable to. all, with clarity of responsibilTty soem 
identified. 
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EXECUTIVE SUMMARY AHD CONCLUSIONS 


SUMMARY 


The < bas lise, omee Which thiis\ mteport! examines,,the -meang of 
abandonment and survival from MODUs, supply ships and heli- 


copters off the East Coast of Canada is as follows. 


Sieudbiogms Leading to Abandonment 


Wier eit, | «tive: sotiiws &ionsawhic hj ccowkdusoivearisekia seyneed 
to abandon such units are assessed in Section 3. In 
semi-submersible drilling rigs, these are concluded to 
be: oe 
pteorw- uA 
by 7 
~shustructuesl failure’ resulting from? colPision /-om from 


\ 
design ormothern diotrinsic, fault 


—-- stability loss resulting from incorrect ballasting 


or loading of consumables 


teatiure ,eettherpofsa,normal. ship tyne .om resulting from 


a blow-out 
- unignited gas following a blow-out. 


ings jack =ip ¢dTiilbineringes,, ithe’ same situations prevai! 
except that stability faiiurce swhile “jacked wp “could 
aisousresult«fram penetration iof saxlésathroteh dhien mea 


bed surface, usually termed a punch through. 


Drill ships «ares. subdect, sbowsimilar causes of abandon— 
ment as semi-submersibles though the manner in which 
they are manifest is often different and they are 
manned by seamen who are more likely to survive a 


maritime emergency situation than are landsmen. 


Supply vessels have the normal problems of ships but, 
because much “of “their” cargo "fs" transferre® atemgen, 
particular stability problems are introduced. Further- 
more the need for them to operate very close to other 
units, <ofterm (for prolonged periods, introduces extra 
likelihood of “colliston-. Off’ Eastern “Canadava further 
threa® to «stabilicy  is* ‘the ‘possibility oP Sheavy fern. 
of the exposed areas, and the possibility of pooping. 


Helicopters either crash, that is to Say enter the sea 
in a completely uncontrolled manner, or ditch, when 
they’ <erter “it \-wUth "some! "comtrow, In the former case, 
the chances” of * "survival Yate 4 stim indgecd. In the 
latter, crews and passengers may well survive the 
actual ditching and rely then upon successful abandon= 


ment and their subsequent ability to survive. 


Factors fee teins Abandonment 


From the Peg enente of the situations which may lead €6 
abandonment can be devised an indication of the likely 
types of conditions with which successful means of 
abandonment must contend. With’ ‘these in .mind eee 
factors which affect abandonment are examined in 


Section 4. These are divided into four groups, namely 


- Environmental 
<y Physiological 
- Mechanical 


= Human 


Each of these is examined in relation to \2ts eptecwee 


abandoning MODUs, supply ships and helicopters off the 


hase. Coast Of Canacua. 


The environmental conditions off Eastern Canada are 
divided “into five “BlocKs in “which ~-Givey ile erg see 


These blocks represent geographical Sandeeeaaco nas 


linked areas. In general terms, throughout the whole 
area, examination of historical data indicates typical 
severe storm conditions varying area by area broadly 


between the following limits: 


- Maximum Wind speed 50 to 70 knots 

- Maximum Wave height 6 to 17 metres 

- Minimum Air temperature -20° to +11°C 

= Minimnuin, Sea tenmperattire — 1.670 05° 6 

= "Risk of cloud’ cetting under™300ft’ or visipitity tees 
than &% mile. between 15Z and 452 


Some 1cing Can be expected in’ the course’ oii the year in 


all areas. 


Burning oil or gas, heat from flares and unignited gas 
from blowouts can all introduce “partictleare tacaras co 


abandonment. 


The, main “phystoltogical” tactors, affecting” sutcessrul 
abandonment concern respiration, bodily injury and 
damage to the heart. The. factors, which ,could. cause 


‘each of these are examined in relation to abandonment. 


Mechanical factors affecting the success of abandonment 
systems are next examined. [erits »conetiudged that :a.er 
MODs) may Still provide sufficient security to justtry 
an’ expectation of successful abandonment. up ta, deck 


ancles Or 40 Wath (he novi zonca. . 


Based on current designs, it is concluded that abandon- 
ment should be possible from the following heights 
which represent the height above sea level of relevant 


decks in the vessels concerned: 


- Supply ships 2 wie. Cee 
~~ OTL eLisnips 7 metres 
- Jack-up MODUs 3 metres (in transit) 


20 metres (on site) 


~ Semi-submersibles 35 metres (in transit) 
15. metres (drilling) 


In helicopters the exit doors’ may be as much as one 


metre above or below the surface. 


Any power needed by abandonment systems must be 


available without dependence on the parent unit. 


Abandonment systems must be capable of ensuring safe 
transit of survivors from the point of entry intowtoe. 
to a4 POSLELON Cleator the poare nt vin t.. Several forms 
of cobstruction ‘can prevent this. rangine from ipartcron 
the -parent estructure.. either in way) Of Mi becevenetw ag 
the water or through abandonment craft being swept on 
to. then, to. sincorrectly, working ~equtpment “siclibae 
release gear, ‘for. sunvival cratt.| | Precedent sug peste 
that existing systems, are particularity p»rone to various 


FOLRUSIOL HOUSLTUCC Lon. 


So far as | provision for vabandonment (bye ali thee 
onboard units Le.concerned, 1t 1s concluded. that. (wher 
assessing the optimum. number wands) distri bution oe 


abandonment systems it should be assumed that: 


- In semi-submersibles and jack-up MODUs, two adjacent 
sides could be unavailable as a site "fom 


abandonment. 


“9 LN, sti ships: elt hers one. “Side. Or sone foo muses 
forward, ,after. or  midships section cannot \bewugeru 


forMabanaonment. 


a ed 157 3 supply ships and jhelicopters one ‘side eaee 


Une Valvabie Lor abandonnent. 


In addition, arrangements for abandoning MODUs should 
cater for all those onboard the unit ine budge a eee 


stretcher cases. 


The total time available to abandon vessels, including 
mustering, preparing equipment and abandonment by total 
unit complements in likely emergency conditions is 


assessed to be: 
=" *MODUs 42st ven ty "rinwtes 


—S*Supply * snips S*thinrey seconds providilug soreparta tery 
precautions are taken early where capsize is deemed 
a “particular ‘hazard. For other causes’ of abandon- 


ment, twenty minutes. 
~ (He bieopterstssthreéiminutess 


The simplicity and robust nature of abandonment systems 
isi**concLludeds« to *®playtan*inportant part in the ef fect— 
iveness of abandonment systems, as tis the training 
which @7@sers“have received about their, operation. ‘This 


training should be both theoretical and ‘drill based'. 


The availability of means of communication between 
relevant people during abandonment is deemed to play an 
important’” role In, particular ‘they *should lank tne 
following: 


=~ the*pa rent fateteeutrol room 

- each abandonment point 

=" esoh abandonment craft: (if applicable) 
- “each receiving untt (if applicable). 


Criteria for Abandonment 
Lav tSecehton (Sp *theveriteriaprorcabandonnentesystens are 


summarised to provide a simple yardstick against which 


any system can be measured. 


ai aa bie 
Factors Airect ing Survival 


In Section 6, the ° factors affecting. “survival mace 
assessed in the same manner as were those affecting 
abandonment in Section 4. The main groups of factors 


are. 


- Physiological 
- Environmental 
> Human 


ad Rescue factors 


Survival ing the sea off Eastern Canada is most 
threatend (by drowning, Which; .fesults (fron? ack eos 
sufficient buoyancy and protection, possibly aggravated 
by lack... of bodily. control «through “ingury ior, joa 
1B es Gee re Fs The latter causes hypothermia which 
gradually reduces a person's ability to help himself as 
his core temperature drops until, when it reaches about 
26 CG. hel dies. 114 Re ssasa nOecmdLoMiner alee. rt sae 
concluded that, if aman is, to \stand a4 goed chance im. 
survival, his core temperature must not be allowed to 
drop below 35° C.or at Worstec3 Gael It isviconciudeds tise 
the difference in title. taken “for a. person ss cane 
temperature to reach this level in water temperature of 
5°Cc. and -1.8°C is. immaterial, Compared with ~tie 


differences stemming from other variable factors such 


as: 


- the person's mass to surface area ratio 
- the amount of sub-cutaneous fat 
- the person's physical fitness 


- his general mental state. 


It is assumed that survivors’ in the water would §pe 
rescued either by helicopter or by rescue vessels 
stationed), in) the, vtern7 Cy. The response times which 
could be considered feasible are assessed and from them 
it is deduced that rescue from the water should be 


possible within four hours. Accordingly, Lt is 


-10- 


necessary to ensure that core temperatures of survivors 
are fprevented (firdneialbing at more thantOn.6Ce per hou. 
It Wdsijrecognisedyihowever*+that it may sometimes bre 
impossible for those abandoning a unit in emergency to 
donga Eullgsurvivaltsuit oenlke) tslitheretoreliprident nae 
provistomeioféwelatively <heapio i seconud saline, "throw 
away’ suits at all abandonment points should be made 
and that these suits retain reduction of core temp- 
enuaturegtiandCs y pers chowx. If this were accepted, core 
temperature could have dropped to 33°C after four hours 
while hwiithourchecausinggdetertoratbow jie rphe condition of 


the wearer, should still leave him revivable. 


Further physiological effects of immersion in cold air 


and water which are assessed -:are: 


=~eclotdeshock 
=, si veezinge+co hd sinjuries 
=esanou-Lreezing -col d sin junies 


s- etoldsincapacitation 


thes p,effiectsrankdspreventionbo£ thentfoklowing are’ ales 


considered: 


- lack of nutrition 

= Ybinab bikt weed jbmeabhinormahd xireshwaie 
- sea sickness 

= iebiimans 


Sef bodye fd uid osc 


In considering the environmental factors which affect 
survival, those examined in Section 4 are examined plus 
sea temperatures, gales and storms. Liv ifs. conc huded 
that in typical severe ‘storms, sea temperatures vary 
between! y-1.82Ga land  cFl4°Cyewtihat galesjscan lasts i fer 
between at most 12 and 48 hours and that storms last at 
most between 4 and 15 hours in different areas off the 


Eastern Canadian Coast. 


The importance of training in survival and in 
particulate ceduic ation 2408 thesipra inci ples RO PSisurvin a eee 


stressed. 


The necessary communications needed by survivors during 
the survival phase Jiand2Stoviassise inf?ercescue are 
assessed, together with the requirements for location 


of survivors and*theirt transfer? to safety. 
Criteriayfor Survival 


The assessment of factors affecting survival contained 
Lr Secitt.on p6diggused!) tes compites a, 14 ‘sitet ferciriterial for 


Survival Systems in Sections. 
Assessment of Abandonment and Survival Systems 


In .Section, .8, abandonment and@9survival (systems, jane 
assessed against ther/criterPa Sdrawne ip in Sections > 
ee aie Sy da The objéctive Os) for SeeéesvNether wexi sting 
systems and those under development can be expected to 
provide for safe abandonment and survival from MODUs, 


supply ships and helicopters in the Eastern Canadian 


Offshore Sector. Where they can fos es current 
limitations which Gawd cause this and, where 
environmental factors are concerned, the likely 


frequency of excessive conditions are assessed. 


Because the number, of different verstonsitof“the varicua 
types of equipment and systems available: and under 
development for abandonment and survival 1s tn many 
casesq considerabid e541 teaoh Sone Oils )not?las’s osised aga inae 
Che serie emiad lnsteadjmthe sapproachVadopted-.in siive 


main itypes: of!’ abandonment) and» survival® systems is firse 


discussed. TLihivesie) gar es: 


Dect 


Zo okey 


=" Evacuation by helicopter 
eC wok a leo wet 

sacle BB lo Ag i gd WN ee a 

= Rit auae  LemGourva val ecra rt - 


- Individual abandonment and survival 


The ‘alternative “systems, which may be, and often are, 
adopted in each type are described and the chtef 
Operating (parameters of each |‘anewuset yout. These 
descriptions are used as a basis for assessment of each 
main system (and in the case of rigid survival craft, 
several different types of system) against the abandon- 
ment and survival, criteria. The basis of the 
assessment is explained throughout and its results are 
summarised in two Tables (Tables 7 and 8). The meaning 
Of Gene = results tor Enis assessment is then examined in 
detail and this beads €o “conclusions. whiten are 


themselves summarised below. 


CONCLUSIONS 


Helicopter Evacuation 


This provides the most satisfactory first Line meanmswoe 
abandoning offshore units if sufficient response time 
is available (up to four, hours). lf Chesint tora rerio 
listing beyond the limits of the helicopters involved: 
if fire. ot gas. atey not. hazards and perntan a ance 
Lehto 6O-fe ale ode vet DLL Lt y 2s) subitetenr. The 
frequency of the latter being. , the, casesvaricen (rom 


97.5% of the time in one case fn “one month ana eres to 
ee 


as Tutte as ay aay be 4 of the time in another area and 


month. Visibility limitations can be overcome by 
Fitting SAR designated helicopters with equipment which 
bas, already been “developed ‘for mil teary user ance te 
currently available fitted to some civilian 


helicopters. 


] 


Dry trans fe. 


Several dry transfer (systems “have been destoned@@anae 
would, if ‘effective, “provide an excel ren@ mean cman 
abandonment and survival. To be effective in the sore 
of conditions prevailing off Eastern Canada, they would 
need a dedicated receiving vessel and so, on financial 
grounds, do not lend themselves to use by isolated 
MODUs*"and~ "are ~*~ not.” designed. “ror supply, ~shipsi on 


helicopters. 


Rigid S@rvivall Crace 


Current. craft "of" this, type depend for 'succescru. 
abandonment oon their launching systems. They are 
unlikely to be launched successfully into wave heights 
over & métres or wind” speeds over 00 Knots. This 
limits their use off Eastern Canada to an appreciable 
degree. In particular, inareas. off Newloundtiand «9 ne 
frequency of such conditions in the months of December 
to March varies from 25.3% to 46.2%. Such existing 
systems are “also (stb jec Gesato Pini cetvane imposed by 
mechanical failures, “"perebcukarty “of release, peau 
Many of these limitations can be overcome by systems 
which are either available or under development. The 
free fall lifeboat system extends the wave conditions 
under which’ Launch is safe to 9 metres “Gand iprobap iy 
CHoOWweh. “note ye proved, to considerably more) and 


overcomes some other limitations. 


The "'PROD* “system, if proved, is Vikely to e@xtendauuee 
wind and wave height conditions appreciably, maybe 
making launch possible under all normal environmental 
conditions <in- the area. It does not, however, cater 


for launch from the upper’ side of a heavily {lieerae 


aT ates 


The ‘'Lifescape’ system is expected tc @xtenw wave 


height limitations to abowr i metroa. 


In each of these systems, except possibly the 
“Lifescape:).. Ltvis advisable for survivors, toswearn tule 
survival suits CDE PLOte ce themselves against the 


Glut Ocies. ate Cc Ons. 


No existing systems provide entirely satistactory 
communications, location arrangements and means of 
transfer off survivors to safety ;whi le. atesiea. Suitable 
equipment evils, avaitbable Co overcome) thes first eeewo 


deficiencies bivts not ithe’) last. 


Pntiatap he (survivals ora Bt 


These craft are looked, upon as subsidiary systems 
Following helicopter evacuation lor , rietd survival 
Cra tet. They do not provide sure means of abandonment 
in: poor ‘weather conditions ‘theugh, if abandonment can 
be achieved, they may well provide some protection in 
alivecondtitions likely sto ‘be-vencountered gin, the. area. 


They ,orleruwno: protection, acatnstyrire sorssirrespirable 


gas and to avoid the effects of cold, survivors must 


wear proper survival suits. Theyoarevd lb teauitpped tor 
conmunication, Location wands €ranster, (of, survivores to 
safety. im ispitevjof these considerable Slinittatrd ong. 
however, they have a role to play as a ‘last resort' 


system. 


Individual Abandonment Systems 


Survival Suits are available which aw has ba the 
prye.Ological Meriteria sy for ‘survivals Choucy Gomirn a 
prototype hood to protect survivors from drowing has so 
far been produced. However, communications and 
transfer to safety present problems which are even more 


Zeuceninethe Location. of) individwal .sucvivors. 


Though special means exist to assist individuals to 
abandon )uovUs, none have been found which would be 
effective in the adverse weather conditions found off 
Eastern Canada. Because individual abandonment is 
likely to be a last resort, probaply waken as ain ee 
sinks; the most important thing is to be protected  pyaa 


suitable survival* sult. 


Helicopter Abandonment and Survival 


Survivors. from s4diechred" -relitcopters ’ very On pouty ice 
suits and life rafts.< They are therétore subjeceuce 
the same limitations as have been described for these 
types of equipment and so may not survive for more than 
abowt:* Pour, ’“hours™ in* “fie )warers  .orm sea stLeri Ga waar 
unless the conditions make it possible to enter their 
PLie rates “~sutcesstul by @ "and — au an eat ty seace. The 
hature- “of *" survival suits weed by those in heliconterne 
is likely tot. differ irom “tWose- ased (bys pedple 
abandoning MODUS and supply ships, to reflect the 


ariferent” circumstances. 


Supply Ships 


Providing “sufficient warning is available, abandonmene 
of supply ships off Eastern Canada should be possible 
ins the ..condtttlons novmaellyetound. Survival would be 
subject” to the same limitations as in other situat ron 


discussed. 
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EXECUTIVE SUMMARY 


This section outlines the main elements of the full report. While we have 
attempted to include all of the essential points from the full report, full 


supportive evidence and elaboration will need to draw from the main body of the 


report. 
I. PURPOSE OF THE STUDY 
The main purpose of the study was: 


a to identify and document the different types of command structures 


used in drilling systems off Canada's east coast: 


6 to evaluate the effectiveness of these structures for dealing with 
emergency incidents including a major fire on board, the loss of 
helicopter, the loss of support vessel, the loss of well control, and 


the loss of rig stability. 


& to draw conclusions about the existing and possible alternative 


command structures. 


II. DESCRIPTION OF COMMAND STRUCTURES FOR THE EAST COAST CANADIAN OFFSHORE 
DRILLING OPERATIONS | 


Since personnel safety was the focal point in our evaluation, the command 
structures which we reviewed embraced not only specific operator and 
drilling organizations, but also the links with helicopter and supply boat 
companies, C.0.G.L.A., N.L.P.D., the C.C.G. and S.&R. Thus, our intent 
was to evaluate the effectiveness of the onrig/shore-based relationship 
and their interactive effectiveness with these other support organizations 


under both normal, and emergency conditions. 


Currie,Coopers 
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SUMMARY OF COMMAND STRUCTURES 
BY-RIGPIYEE 


SENIOR PERSON IN CHARGE 


MARINE 
DRILLING MARINE: ONLY WHILE 
ONLY WHILE (RIG MOVER) | NOT DRILLING 
STATIONERY ONLY WHILE OR IN 
ON HOLE UNDERWAY EMERGENCIES 


DRILLSHIPS: 


Dee. 


Anchored 


SEMI-SUBMERSIBLE! 
"Norweigan” | | 


a 


“Norweigan 
x 


_—- —_—_- — —_— _ eee 


Variation 


me meee = eae eee eee 


“American” 
(Under U.S. Flag X 


NOTE: There are some variations even within these categories. e.g. a D.P. Drill 


Ship may be under command of the senior drilling person, to all intents and 
purposes, while the ship is on the hole and drilling. Similarly, the 
“American” model varies to the extent that in Canada, U.S. flag vessels have 
captains on board but their real roles vary from virtual token 
responsibilities through to replicating the "“Norweigan variation. 


A. GEOGRAPHIC LOCATIONS HAVE A BEARING ON COMMAND STRUCTURES 


Geographic location, dictates in part, the type of total system 
command structure. Remote locations such as the Davis Straits require 
virtual self-sufficiency by the operations for normal and emergency 
situations. In multi-operator areas, Operators have access to 
assistance from other operators and government search and rescue 
assistance. In order to achieve maximum benefits in multi operator 
areas from the other elements present, clearly defined policies and 
procedures are required. These have recently been enhanced in the 


form of a Joint Operator Alert Plan. 
B. COMMON COMMAND STRUCTURES 


We have identified a series of generic command structure models for 
each of the basic drill rig types. These are summarized in the chart 


on the facing page. 
kL.  Jackup 


@ secured to the seabed by structural legs which support the 


platform 


e in the drilling mode, it is commanded by a senior toolpusher 


(or rig superintendent). 


e a barge master, usually with some marine experience and often 
responsible for safety, logistics and life boat operations, 


reports to the senior toolpusher. 


e when under tow or in a non-drilling mode and location, command 
is formally handed over to a certified rig mover who has, as 


part of his certification, marine qualifications. While 


Currie,Coopers 


& Lybrand 


Currie, Coopers 
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Le 


undertow a licenced insurance representative monitors the 


move. 


Drill Ships 


° required by the Canada Shipping Act to have a Master Mariner 


with an unlimited foreign going certification in command. 


e the command structures vary to some degree depending on whether 
the ship is anchored or dynamically positioned (D.P.) while 


drilling. The usual cases are: 


- dynamically positioned; the captain is in full command at 


all times; 


- anchored; the captain may or may not be in full command at 
ail times. Often, the senior driliing person is in command 
while drilling. The captain assumes overall command when 


moving and in emergency situations. 
Semi-Submersible 


Semi-submersibles may be self-propelled and dynamically positioned 
or anchored, or they may not be fully self-propelled. The Canada 
Shipping Act classifies self-propelled semi~submersible as vessels 
and requires a marine captain with an unlimitd ticket on board. 
However, the Act does not clearly specify the role and extent of 
responsibilities of a captain under all conditions on a 


semi-submersible. 


The following are the categories of command structures for 
semi-submersibles. They are summarized in the chart on the facing 


page. 


a) Norweigan Model 


Norway's regulations are clear and stringent. A marine 
captain must be in overall command of the rig at &ll times. 

In the event of a serious accident this, according to their 
law, permits them to single out the one person who has 
ultimate responsibility. There are examples of drilling 
contractors who ascribe to this model in Canadian waters. The 
drilling and marine persons may report to senior and separate 


drilling and marine persons on shore. 
b) “Norweigan Variation” 
The basic variation to the pure Norweigan structure is: 


- Captain in command while underway and in emergency 


situations 


- Captain responsible for safety of the personnel and the rig, 


and often supevises all non-drilling activities. 


- senior drilling person in charge while driling but command 


is assumed by the captain as noted above. 

- both usually report to a shore based operations 
superintendent. In some cases, they may report separately 
to marine and drilling managers on shore. 


ce. “American Model” 


American rigs which operate under the U.S. flag (and 


especially when operating in U.S. waters) have a 
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straightforward command structure. It is probably based on 
land-based drilling tradition but has been modified to U.S. 


Coast Guard requirements as follows: 
- Senior drilling person is in command at all times; 


- this person is required, in the U.S., to hold a limited 
marine ticket fadaa Column Stabilized Masters Ticket. These 
certifications provide specific marine and semi-submersible 
trianing. The tickets are not recognized in Canada nor can 


ainon-U.SSecreizen-obtain’ then. 


- U.S. semi-submersibles which operate in Canada do have a 


master mariner (captain on board) 


- in some cases, the captain has very little responsibility, 


and in practice the senior drilling person really is in 


command at all times, and 


some U.S. rigs have adopted the "“Norweigan variation” noted 


above. 


III. EXAMINATION OF INCIDENTS 


We were asked to examine examples of two incidents for each of the five 


categories noted previously. Preferably these incidents should be drawn 


from Canadian East Coast operations. 


Considerable difficulty was encountered in obtaining reliable and detailed 


incident reports. Additionally, only one incident from Canadian 


operations was found with respect to a blow-out situation, helicopter 


crash, and supply boat sinking. In these cases additional incident 


documentation was sought from United States operations, and, where these 


were obtained, an analysis was carried out. 
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The incident reprts underlined the importance of human error as a 
contributing cause to personal injuries and loss of life experienced. The 
reports further documented the need for a clear chain of command, for 
leadership abilities to provide firm direction during emergency 
situations, for well developed emergency or contingency plans, and for 
emergency drills to ensure that all crew members understand the actions 


required in emergency situations. 
VI. EVALUATION OF COMMAND STRUCTURE EFFECTIVENESS 


A summary of our evaluation of command structure effectiveness is provided 
in this section of the report. Command structure effectiveness was 
evaluated against eight criteria. The main report provides a discussion 


of each of the criteria. 
A. COMPETENT AND TRAINED PEOPLE ARE REQUIRED 


The first criterion for command structure effectiveness is the 


presence of a fully trained crew and staff complement. 
1. Trained Marine Skills Are in Short Supply 


- Training programs to develop marine skills for drilling 


personnel are not well developed in Canada. 


- Interviews indicate that trained and experienced deck 
officers with drilling experience are in short supply world 


wide. 


- Typical Canadian marine training for conventional vessels is not 
comprehensive enough to apply to twin hulled semi-submersibles 
or even drill ships, particularly in the areas of ballasting and 


the inter-relationship with drilling operations. 
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- C.0.G.L.A. and provincial Canadian content guidelines and 
regulations are a dissausive factor for foreign crew to come to 


Canada, and 


- The industry is consequently forced to spend more on training 
and place less experienced people than desired in senior 


positions. 


2. Back-Ups for Key Resources are also in Short Supply 


- The gap in experience and training between Captains and other 


deck officers and ballast control operators is pronounced. 


3. Recognized Training Qualifications and Certifications do not Exist 


for Several Positions 


- No certification program for rig deck officers exists in 


Canada. 


- The UsS<. ‘has -aiColumnized! Masters Certification tlicket bute tiie 


is available only to U.S. citizens in the United States. 


-~ Although the drilling Contractors have a planned program 
assembled, no standard ballast control training and 
certification program is in place. This is also true for rig 


movers and barge masters. 


- Two schools in St. John's and Halifax provide government and 
industry acceptable survival training. All rig crews are being 


processed through these systems. 


- Planning for a standardized life boat captain training program 


is underway. 
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Government Regulations/Guidelines Do not Fully Recognize the 
Specific Reguirements of the Industry 


- The Canada Shipping Act requires a captain on board 


self-propelled rigs which are deemed to be vessels. The Act 
does not spell out specific training required or recognize the 


full differences between conventional vessels and rigs. 


- C.0.G.L-A. guidelines indicate that a rig should be commanded by 


a person who has experience in drilling but specific 


qualifications are not spelled out. 


A STRONG UNIFIED STRUCTURE MUST EXIST 


l. 


The Degree of Unity of Command is Partially a Function of the Type 


of Rig 
a) Jack-ups are commanded totally by a drilling person when 


b) 


e) 


drilling and by a rig mover when off the hole or in port. The 


command structure is clear and unambiguous. 


Drill Ships tiaveva clear structure in most cases, with & 
marine captain in command at all times. In some cases, there 
is a duality or sharing of command between the Captain and 
drilling superintendent. In the latter case, response plans 
do not clearly state alert conditions which trigger overall 


command by the Captain. 


Semi-submersibles have a variety of command structures. When 


there is a shared command situation the response plans do not 
usually specify clearly conditions or stages when total 


command is assumed by the Captain. 


Currie,Coopers 


& Lybrand 


De 


9. 


The shared command systems could lead to potential confusion in 
absence of clear conditions specifying command and of an 
understanding of this by the crew. The North Atlantic dictates 
the need for sound marine experience and skills. The marine 
skills and managerial attitudes must blend with those of the 
drilling operation. 


Knowledge and Mutual Respect are Key Contributors to Unity of 
Command 


Mutual respect between drilling and marine elements and the 
welding of these different skills into a united team, can only be 
achieved by having these individuals work together over a period 
of time so that an appreciation of each other's skills is 


obtainéds a:Thisvwillifoster, effective command, on, board. 


Divided or Shared Command Can Weaken Response Effectiveness 


It is our observation that if a marine captain is unfamiliar with 
drilling, and/or is a weak manager, the senior drilling person 
will be (and seem to be by the crew) de facto commander in all 
situations. This could lead to conflict detrimental to crew 


safety. 


The converse is also true. It must also be recognized, however, 
that Canadian environmental conditions require dedicated attention 
to both the drilling and marine elements. Therefore shared 


command structures shuld be clearly designed and unequivocal. 
Command Structure Documentation Could be Improved 


To fully support cases and where command transfers from the 


drilling to the marine element in emergency conditions, response 


MODEL OF EMERGENCY COMMUNICATION PROCESS 


Public Relations 
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plans and procedures should clearly outline the trigger points. VA 


few plans were weak in this area, particularly: 


- in not clearly citing back-ups to senior personnel; 


- confused reporting lines; 


- charts which state captain's responsibilities that are greater 


than dnepractical, operatingafaccr. 
C. COMMAND STRUCTURES SHOULD MOVE TO SUCCESSIVE ALERT STAGES 


The majority of response plans indicate alert stages. However, some 


weaknesses are apparent: 


- alert stages in shore based offices are not clear, 
- heavy weather conditions for an on-board alert not stated, 


- conditions to put Search and Rescue on active alert not indicated. 


D. A STRONG SENSE OF ORGANIZATIONAL UNITY - TEAMWORK ENHANCES 
EFFECTIVENESS 


Organizational effectiveness cannot be legislated. It takes time for 
organizational cohesiveness to be built up. Rapid moves to 
“Canadianize” the industry could have a negative effect on 
organizational unity. 


E. EFFECTIVE COMMUNCIATIONS PROCESSES ARE REQUIRED 


The model on the facing page outlines a simple communications process. 


Our observations of common aspects of response plans were as follows: 


- overly complex communciations patterns for the rig commander. 
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- base operations to communicate directly with on-scene helicopters 
and supply boats instead of operational communications direct from 
the Rig commander. 

- long lines of communication up the organization's hierarchy; 

- communications from rig not clearly centralized through the base 


emergency command centre. 


Generally, documented communications patterns attempted to cover all 
eventualities and to adhere to various government guidelines without 
adhering to the principles of short communication lines to deal with 


emergencies. 


EFFECTIVE PROCEDURES TO COORDINATE THE EFFORTS OF ALL ELEMENTS IN 
MULTI-OPERATOR AREAS 


A mutual aid pact amongst operators has been informally in place for 
some time. The related policies, procedures, and systems have 
recently been further developed and dacumented. The plan serves to 
significantly enhance rescue operations. In addition, flight 
following, iceberg and weather tracking systems are in place. We 
believe that more work, however, is necessary to ensure C.C.G. and S&R 


are fully conversant with the plan. 
EXERCISE OF THE COMMAND STRUCTURE IS REQUIRED 


A variety of contractor specific on-board drills and multi-operator 
government agency drills have been conducted. On board drills have 
generally ensured that rig personnel are familiar with their duties in 
emergency situations. Further enhancements would however be useful 


including: 


- suprise drills to simulate actual conditions. 


LZ 


-~ designated individuals should act as observers to provide feedback 
on drill effectiveness. Formal debriefing sessions to evaluate 
effectiveness should also be instituted. 

- equipment and evacuation systems should be enhanced so that full 
evacuation drills can be safely carried out. 

- drills should be designed to test the preparedness of back-up 
personnel. | 

- further exercises should: be conducted on a regular basis to ensure 
adequate familarity by Search and Rescue and the Coast Guard with 


drilling operations. 
H. DECISION MAKING MUST BE CLOSE TO THE SCENE OF THE ACTION 
Some response plans imply that key decisions are to be made by shore 
based managers. However, all officials in the industry whom we 
interviewed agreed that decisions regarding rig operations, rescue, 
evacuation or assistance needs should be made at the scene. 


V. RECOMMENDATIONS FOR IMPROVED COMMAND STRUCTURE EFFECTIVENESS 


A. THE SUPPLY OF, AND METHODS FOR TRAINING, QUALIFIED PEOPLE SHOULD BE 
ENHANCED 


The following actions should be implemented: 


1. Evaluate Canadian marine training and develop improvements to 


address offshore drilling needs. 
2. Recognize offshore drilling as a subset or specialty section of 
Canadian marine training and adopt appropriate 


guidelines/regulations. 


3. Implement standardized ballast control training. 
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4. Continue marine survival training; 


5. Develop appropriate standards for offshore drilling in cooperation 


Wit che CvG.G-. 
EXISTING REGULATIONS SHOULD BE MADE INDUSTRY SPECIFIC 


Update standards and qualifications to address the industry 


requirements. 
DEVELOP STANDARDS FOR UNITY OF COMMAND 


Some command structues indicate a unity of command, at least in 
theory, e.g. on jack-ups and some drill ships and semi-submersibles. 
Others show a shared responsibility with the captain assuming 


responsibility in emergencies. 


On drill ships and semis, there is a clear need for both marine and 
drilling expertise in Canada's waters. The development of an adequate 
supply of fully qualified rig commanders who have skills in both the 
marine and drilling functions will take several years to achieve. 
Therefore, the propensity to continue with shared responsibilities in 
some organizations will likely continue to exist. Certain conditions 


would need to be met as follows: 


- assign real, not paper, responsibilities to marine captains 
including supervision of all safety features and certain on-rig 


Support services such as general rig maintenance, etc. 


- assign supreme command to the Captain in emergency situations and 


when underway; 


- define clear guidelines which say when command should be under the 


Captain. 
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~- ensure emergency response plans indicate emergency alert conditions 


which trigger the captain's assumption of command, and 
- ensure organization charts developed and adopted by the industry are 
straightforward and not confused with combinations of duplicate 


solid or dotted line relationships. 


COMMAND STRUCTURE ALERT STAGE DOCUMENTATION SHULD BE FURTHER 
DEVELOPED a 


1. Operator/Contractor emergency response plans should describe 


conditions of successive alert for shore based operation. 


2. Plans should indicate conditions under which the rig should call 
S&E candLOr s. Gana as 


3. An understanding by all elements, including S&R and C.C.G. of the 


pertinent aspects of the response plans should be confirmed. 


4. Industry-wide alert stages for each of the five emergencies 


addressed in this study should be adopted in the response plans. 
DRILLING UNIT TEAMWORK AND COHESIVENESS SHOULD BE ENHANCED 


The following should be provided to supervisory personnel across the 


industry: 

- leadership and interpersonal skills training. 

- training programs which foster understanding of the technicalities 
and attitudes and value systems in marine and drilling staff of each 


other's backgrounds. 


In addition, Canadianization programs should move slowly so not to 


jeopardize teamwork and safety. We suggest that a high ratio of fully 
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to newly trained staff be maintained at non “officer” levels at all 


times. 
COMMUNICATIONS PROCESSES SHOULD BE STANDARDIZED 
A basic communication pattern for emergencies should be: 


- rig commander (or delegate) notifies S&R, C.C.G., and operator shore 


base of an alert or actual emergency, 


- rig commander talks directly with helicopter and supply boat 


captains, 


- all communications are centralized in Operator's emergency command 


centre, 


~ adopt an industry wide standard set of alert codes and ensure that 


the appropriate responses are understood by all elements. 


EXERCISE OF THE WIDER COMMAND STRUCTURE SHOULD BE MORE FREQUENTLY 
UNDERTAKEN 


The following should be adopted across the industry: 

- drills to test knowledge and effectiveness of back-up positions 

- ensure all elements, through multi-operator “paper” exercises test 
and confirm each organization's knowledge of their roles, 
communication systems, responses and logistical requirements; 

- involve C.C.G. and S&R.in exercises once per year for each rig in 


order to test their systems and enhance their knowledge of drilling 


operations. 
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- joint exercises involving new rigs in the drilling area should be 


conducted as soon as possible. 


Much progress has already been realized in recognizing the importance of 
command structure effectiveness to the offshore drilling industry. Many 
improvements have already been implemented. We view the staffing and 
training of qualified resources and the adoption of recognized certification 
programs as the most critical element in improving command structure 


effectiveness. 
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EXCERPTS FROM 


SAL ETY iN “THE DESIGN, CONSTRUCTION, 
AND OPERATION OF 
OFFSHORE OIL AND GAS INSTALLATIONS 


A COMPARATIVE ANALYSIS (SUMMARY) OF THE 
REGULATORY STRUCTURES OF NORWAY, CANADA, 
UNITED STATES AND THE UNITED KINGDOM 


CHAPTER ONE 


INTRODUCTION 


In the last decade there has been an unprecedented 
increase in the search for offshore oil and gas. Encouraged by 
rising world demand for hydrocarbon resources and Pace eneed 
by an increasingly sophisticated technology, this search has 
expanded to include some of the most hostile areas of the. 
world's oceans. Drilling operations are now routinely carried 
out in deep waters where 50 foot seas and passing icebergs are 
a common occurrence. Here the cowboy roughneck ee by 
necessity, entered the domain of the sailor and set to sea ona 
structure at the cutkingy Ledge of» manineauand. dridaiing 
technology, creating an unfamiliar environment for. roughneck 
ana saidor Ghalike; Here, offshore, the oil Meise | 
historically unregulated with respect to operations and 
training of personnel, meets the shipping industry with its 
long history of strict regulation and concern over safety yet 
Slow acceptance of change. 

Although .thiseprolipieratron“*0f~*offshore “activity Nac 
been accompanied by limited national legislation, comprehensive 
safety reeenebi ows coveringttaly aspects "or the design; 
construction and® Operation “of “offshore “installations “are 
generally still needed. The importance of constant evaluation 
of the effectiveness of safety regulations in actual practice 
has been painfully demonstrated by the catastrophic losses Of 


the Alexander L. Kielland in March 1980 and the Ocean Ranger in 


February 1982. 

It must be realized that Canada is on the threshold of 
an all-out effort to exploit offshore resources. It would be 
as tragic as the Ocean Ranger disaster eee Canada failed 
to take maximum advantage of the experiences and mistakes of 
others who have preceded us. 

The purpose of this study is to examine the structure, 
approach and mechanisms of promulgated safety regulations 
governing the design, construction and operation of offshore 
Metal tationsern a selection of countries actively involved in 
offshore exploration development and production. 

Chapter Two briefly considers some of the .international 
legal. issues. arising from-soffshnere nyaremarnas activities. 
These issues are very complex and the topic is worthy of 
Fie ise study. Chante: Three addresses in general the subject: 
cf legislative policy. Chapters Four through Seven summarize 
the structure approaches and mechanisms of offshore safety 
regulations in Norway, the United States, the United Kingdom 
and Canada. Chapter Eight 1S an overview section. Bie: 
highlights the important differences between the approaches of 
the various Jurisdictions and surveys a list of modes and 


methods that were identified during the comparative analysis. 


Sie LOViowing four? chapters outline; in considerable detail, the 
approach to regulation of safety in the design, construction, and 
Operation of offshore installations by Norway, Canada, the United 
States, and the United Kingdom. What is presented here is a sum- 


mary of the basic approach used by each of these countries. 


CHAPTER FOUR 


NORWAY 


Although primary xesponsibility “for = the’ satety= Vof-\oftsnore 
installations is vested in the Department of Local Government and 
Labour, it has delegated its authority to various state agencies 
with the Maritime Directorate and the Norwegian. Petroleum 
Directorate retaining a coordinating role for safety on mobile 
and fixed installations respectively. While extensive regula- 
tions establish both functional requirements and specific stand- 
ards of safety for installations, equipment, personnel, and oper- 
ations, the government exercises its control through a system 
designed to place the responsibility for compliance on the opera- 
tor or licensee. The internal control system establishes a com- 
prehensive framework for monitoring corporate quality assurance 
systems through documentation evaluation and Boot checks. In 
order to ensure the efficient Operation of such a system, contin- 
uous communications between government authorities and individual 


operators is encouraged to maximize understanding and to minimize 


misinterpretations of regulations and guidelines. While the 
scope of the Norwegian regulatory system is extensive compared to 
most other jurisdictions, individual regulations have been 
designed to incorporate flexibility in ‘an v’effort “to sensire gina 
changes in technology and operational procedures, equipment, 
etc., can be adopted in individual cases, reflecting the condi- 


tions specific to each installation's operation. 


CHAPTER FIVE 


UNITED STATES 


At least eight bureau-level agencies administer the numerous 
requirements that are related to safety of offshore drilling 
operations. Of these, the Department of the Interior (through 
the Geological Survey and the Bureau of Land Management) and the 
Department of Transportation (through the Coast Guard) have pri- 
mary authority over safety in the design, construction, and oper- 
ation of offshore oil: and gas installations. This multi-agency 
Jurisdiction has resulted in an extremely complex and, in many 
cases, duplicative regulatory system. This problem of overlap- 
ping jurisdiction has been partially solved by the use of memo- 


randums of understanding between agencies and departments. 


There are many mechanisms employed by the regulatory agencies in 


fulfilling their mandates. These range from broad-brush enuncia- 


tions of general policy to the imposition of extremely detailed 
design, equipment, and procedural requirements. In some areas, 
such as training and certification of personnel, the US approach 
has favoured leaving the details up to the companies themselves, 
confining government regulations to the area of equipment design 
and procedural guidelines. In other areas, such as the design, 
certification, and installation of equipment for fire prevention, 
well control, and workplace safety, the US regulations are 
extremely detailed and often incorporate industry standards and 
guidelines. Increased demand on Coast Guard inspection person- 
nel, increasingly complex technologies and a current desire to 
minimize government involvement in the private sector has result- 
ed in widespread use of voluntary standards and the increased 
involvement of classification and professional societies in the 


regulatory process. 


CHAPTER SIX 


UNITED KINGDOM 


Responsibility for offshore safety of oil and gas installations 
in the UK rests with the company. Regulations tend to be drafted 
in general terms, giving the company wide latitude in their prac- 
tical application with the assistance of non-mandatory measures 
such as Guidance Notes. . The role of certifying authorities in 
inspection and survey functions is significant and is supplement- 


ed by the in-house government inspection capacity which has been 


developed over the years. Additionally, the UK system emphasizes 
the use of external organizations, Such as UKOOA, to assess and 
indicate the need for technical standards and regulations sin 
order to reduce the costs to, the; Department: (O£F Energy and eco 
ensure that realistic and up-to-date technologies are utilized in 


the offshore. 


CHAPTER SEVEN 


CANADA 


The Canada Oil and Gas Lands Administration (COGLA) headed by the 
Chief Conservation Officer has the primary jurisdiction over off- 
shore drilling operations. COGLA, through the Canada Oil and Gas 
Drilling Regulations and through close cooperation with the 
Canadian Coast Guard, regulates the safety of these operations. 
The primary mechanism employed by COGLA is the application-permit 
process, -which™ requires / thats thewoperator “submit for” approval 
detailed information on all proposed activities and associated 
equipment. This procedure must be followed at each stage of any 
offshore drilling programme. Though the Canadian regulatory sys- 
tem depends heavily on the application-permit process, some use 
is made of detailed equipment and procedure requirements, as well 
as incorporation by reference of a number of accepted standards. 
The Canadian authorities also require information concerning 
drilling operations to be recorded and submitted on a regulary 


basis. Through this. mechanism the Chief Conservation (Oftrcer fe 


constantly in touch with the day-to-day operations and safety 


Becord on each drilling unit. 


NEWFOUNDLAND 


With respect to offshore safety, the Newfoundland regulatory 
regime uses mechanisms and approaches similar to those employed 
by the Canadian Federal administration. The recently promulgated 
Design, Construction, and Survey Regulations and the Drilling 
Regulations, and the non-promulgated Winter Drilling Guidelines, 
however, reflect concerns arising directly from the loss of the 
OCEAN RANGER. At present, there is no Federal equivalent to the 
Design and Construction Regulations or to Newfoundland's require- 
ment that all permanent employees obtain a Maritime Emergency 


Duties Certificate. 
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